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NATIONAL FOREWORD 

This Indian Standard (Part 201 ) which is identical with lEC 62271-201 ; 2006 High-voltage switchgear and 
controlgear — Part 201 : AC insulation-enclosed switchgear and controlgear for rated voltages above 1 kV 
and up to and including 52 kV issued by the International Electrotechnical Commission (lEC) was adopted 
by the Bureau of Indian Standards on the recommendation of the High-Voltage Sv.itchgear and Controlgear 
Sectional Committee and approval of the Electrotechnical Division Council. 

The text of lEC Standard has been approved as suitable for publication as an Indian Standard without 
deviations. Certain conventions are. however, not identical to those used in Indian Standards. Attention is 
particularly drawn to the following: 

a) Wherever the words 'International Standard' appear referring to this standard, they should be read as 
'Indian Standard'. 

b) Comma (.) has been used as a decimal marker in the International Standard while in Indian Standards, 
the current practice is to use a point (.) as the decimal marker. 

This standard is to be read m conjunction with IS 12729 : 2004 'Common specifications for high-voltage 
switchgear and controlgear standards'. In order to simplify the indication of corresponding requirements the 
same numbering of clauses and subclauses is used as in IS 1 2729 : 2004. Amendments to these clauses 
and subclauses are given under the same numbering, whilst additional subclauses are numbered from 101. 

In this adopted standard, reference appears to certain International Standards for which Indian Standards 
also exist The corresponding Indian Standards, which are to be substituted in their respective places are 
listed below along with their degree of equivalence for the editions indicated: 



International Standard 

lEC 60050 151 1978 International 
Electrotechnical Vocabulary (lEV) — 
Electrical and magnetic devices 



Corresponding Indian Standard 

IS 1885 (Part 74) 1993 

Electrotechnical vocabulary: Part 74 
Electrical and magnetic devices 



Degree of Equivalence 



Identical 



lEC 60050 441 1984 International 
Electrotechnical Vocabulary (lEV) — 
Switchgear. controlgear and fuses 



IS 1885 (Part 17) 1979 

Electrotechnical vocabulary: Part 17 
Switchgear and controlgear {first 
revniion) 



Technically Equivalent 



lEC 60060-1 1 989 Hiqh-voltage test 
techniqiies — Part 1. General 
definitions and test requirements 



IECG0243-1 1998 Electrical strength 
of insulating materials — Test methods 
— Part 1 . Tests at oower frequencies 

lEC 6G265-1 1998 High-vc'^age 
switches — Part 1 Switches 'or rated 
voltages above 1 kV and less than 
52 kV 



lS2C7iT'art !) 1993 High-voltage test 
'echn.qiies: Part 1 General definitions 
and test requirements {second 
Wision] 

IS 2584 : 1963 Method of test for 
e:ectric strength of solid insulating 
rriatenais at power frequencies 

IS lEC 60265-1 : 1998 High-voltage 
switches Part 1 Switches for rated 
voltages above 1 kV and less than 
52 kV 



Identical 



Technically Equivalent 



Identical 



lEC 60270 : 2000 Partial discharge IS 6209 1982 Methods for partial Technically Equivalent 
meast.;rements dischargp rripdsurernents i first revision) 



I Continued on tfiird cover) 



IS/IEC S2271-201 : 2006 

Indian Standard 
HIGH-VOLTAGE SWITCHGEAR AND CONTROLGEAR 

PART 201 AC INSULATION-ENCLOSED SWITCHGEAR AND CONTROLGEAR FOR 
RATED VOLTAGES ABOVE 1 kV AND UP TO AND INCLUDING 52 kV 

1 General 

1.1 Scope 

This part of lEC 62271 specifies requirements for factory-assembled insulation-enclosed 
switchgear and controlgear for alternabng current of rated voltages above 1 kV and up to and 
including 52 kV for indoor installation and for service frequencies up to and including 60 Hz 

Insulation-enclosed switchgear and controlgear complying with this standard can. in principle, 
be safely touched 

Insulation-enclosed switchgear and controlgear for special use. for example, in flammable 
atmospheres, in mines or on board ships, may be subject to additional requirements 

Components contained in insulation-enclosed switchgear and controlgear should t>e designed 
and tested in accordance with their various relevant standard* This standard supplements 
the standards for the individual components regarding their installation in switchgear and 
controlgear assemt>lies 

This standard does not preclude that other equipment may be included in the same enclosure 
In such a case, any possible influence of that equipment on the switchgear and controlgear 
should be taken into account 

NOTE Swrtchgaar and controlgaar assambhcs having a matal ancloaura ara eovarad by lEC S2271-3O0 

1.2 Normative references 

The following referenced documents are indispensable for the application of this document 
For dated references, only the edition cited applies For undated references, the latest edition 
of the referenced document (including any amendments) applies 

lEC 60050-151 1978, International Elactrotachnical Vocatmlary (lEV) - Elactrkal ana 
magnetic devices 

lEC 60050-441 1984, International ElectrotechnKal Vocabulary (lEV) - Switctigear. control- 
gear and fuses 

I EC 60060-1 1989. High-voltage fat techniques - Part 1 General detimtiont and lest 
requirements 

lEC 60243-1 1998, Electrical strength of insulating m^erials - Test methods - Part 1 Tests 
at power frequerycies 

lEC 60265-1 1998, High-voltage switches - Part 1 Switches for rated voKages above t fcV 
and less than 52 kV 
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lEC 60270 2000, Partial discharge measurements 

lEC 60470 2000. High-voltage alterrtating current contactors and contactor-based motor- 
starters 

lEC 60480 2004, Guidelines for the checking and treatment of sulfur hexafluoride (SF6) taken 
from electrical equipment and specification for its re-use 

lEC 60529 1989, Degrees of protection provided by enclosures (IP Code) 

lEC 60694 1996, Common specifications for high-voltage switchgear and controlgear i 
standards 

Amendment 1 (2000) 
Amendment 2(2001) 

I EC 60909-0 2001, Short-circuit currents in three-phase ac systems - Part 0: Calculation of 
currents 

lEC 60932:1988, Additional requirements for enclosed switchgear and controlgear from 1 kV 
to 72. 5kV to be used in severe climatic conditions 

lEC 62271-100 2001. High-voltage switchgear and controlgear - Part 100 High-voltage 
alternating-current circuit-breakers (formerly lEC 60056) 

lEC 62271-102 2002. High-voltage switchgear and controlgear - Part 102 Alternating current 
disconnectors and earthing switches (formerly lEC 60129) 

lEC 62271-105 2002, High-voltage switchgear and controlgear - Part 105: Alternating current 
switch-fuse combinations (formerly lEC 60420) 

1 SO/I EC Guide 51 1999, Safety aspects - Guidelines for their inclusion in standards 

2 Normal and special service conditions 

Clause 2 of lEC 60694 ts applicabte with the following addition 

Unless otherwise specified in this standard, the Insulation-encfosed switchgear and 
controlgear is designed to be used under normal indoor service conditions. 

NOTE If the ambwnl t«mp«ratur* txcaads tK« valu« for normal service conditions, derating may be necessary. 
arKl testing conditions may be considered 

3 Terms and definitions 

For the purposes of this document, the following terms and definitions, as well as the 
definitions of lEC 60050(441), lEC 60050(151) and lEC 60694 apply, except where indicated 
Some standard definitions are recalled here for ease of reference 

Additional definitions are classified so as to be aligned with the classification system used in 
lEC 60050(441) 



' A consolidated edition is availatM (2002) 
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3.101 

switchgear and controlgear 

general term covering switching devices and their combination with assoaated control 
measuring, protective and regulating equipment also assemblies of such devices and 
equipment with associated interconnections, accessories, enclosures and supporting 
structures 

(lEV 441-11-01) 

3.102 

assembly (of switchgear and controlgear) 

combination of switchgear and/or controlgear completely assembled with all internal electrical 
and mechanical interconnections 

[lEV 441-12-01] 

3.103 

insulation-enclosed switchgear and controlgear 

switchgear and controlgear assemblies with an external insulation enclosure and completely 
assembled, except for external connections 

[lEV 441-12-06, modified] 

NOTE Th« (xtarnal insulation may tM suppliad with a (**mi-)corKlucting layar 

3.104 

functional unit (of an assembly) 

part of insulation-enclosed switchgear and controlgear comprising all the components of the 
mam circuits and auxiliary circuits that contribute to the fulfilment of a smgle function 

(lEV 441-13-04, modified] 

NOTE Functional units may tx distinguishad accordirtg to lh« funclton fo( which lh«y ara intandcd. for atampta. 
incoming unit, outgoing unit, ale 

3.105 
transport unit 

part of insulation-enclosed switchgear and controlgear suitable for shipment wtthout being 
dismantled 

3.106 

insulation enclosure 

part of insulation-enclosed switchgear and controlgear providing a specified degree of 
protection of equipment against external influences and a specified degree of protection 
against electric shock by limiting the approach to or contact with live parts and against contact 
with moving parts 

The main material of the enclosure is of insulating type, and. in the case of added conductive 
layers, the resistance t>etween any point of the conductive layer to the earthing point provided 
may be more than 100 mfl 

(lEV 441-13-01. modified] 

NOTE If tiM rasistanca of Iha anclosura of tha swifchgaar and conttolgaar to tt>a aarthing point providad is 
avarywhara (ass than, or aqual to. tOO mQ lEC 82371-200 is apphcabia 

3.107 
compartment 

part of insulation-enclosed switchgear and controlgear enclosed except for openings 
necessary for interconnection, conUol or ventilation 

(lEV 441-13-05, mo(«fied) 
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NOTE 1 Four typ«s of compartments are distinguished ttiree that can be opened called accessible (see 
3 107 1(2/3). and one that cannot be opened, called non-accessible (see 3 107 4) 

NOTE 2 Compaitnranti are idefltilwd according to the mam component(s) contained ttierain. refer to 5 103 1 

3.107.1 

interlock-controlled accessible compartment 

compartment containing high-voltage parts, intended to be opened for normal operation 
and/or normal maintenance as stated by the manufacturer, in which access is controlled by 
integral design of the switchgear and controlgear 

NOTE Imtallation, extension, repairing, etc. are not considered as normal maintenance. 

3.107.2 

procedure-lMsed accessible compartment 

compartment containing high-voltage parts, intended to be opened for normal operation 
and/or normal maintenance as stated by the manufacturer, in which access is controlled by a 
suitable procedure combined with locking 

NOTE Installation, extension, repairing, etc. are not considered as normal maintenance. 

3.107.3 

tool-tMSttd accessible compartment 

compartmerit containing high-voltage parts that may be opened, but not for normal operation 
and maintenance Special procedures are required Tools are necessary for opening 

3.107.4 

non-acc«ssibi« compartment 

compartment containing high-voltage parts, that must not be opened Opening may destroy 
the integrity of the compartment Clear indication not to open is provided on/by the 
compartment 

NOTE An insulation embeddM component, as defined in 3.114, can generally be qualified as a 'r«on-accassit>l« 
compartment' 

3.108 
partition 

part of insulation-enclosed switchgear and controlgear separating one compartment from 
other compartments 

(lEV 441-13-06, modified] 

3.109 

partition class PI 

insulation-enclosed swntchgear and controlgear having one or more non-metallic partitions or 
shutters between opened accessible compartments and live parts of the mam circuit 

3.110 
shuttar 

part of insulation-enclosed switchgear and controlgear that can be moved from a position 
wtiere it permits contacts of a removable part, or moving contact of a disconnector, to engage 
fixed contacts, to a position where it becomes a part of the insulation enclosure or partition 
shieldmg the ^ed contacts 

JIEV 441-13-07, modified] 

3.111 

sagrcgation <of conductors) 

arrangement of conductors with earthed metal interposed between them in such a manner 
that disruptive discharges can only occur to earth 
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(lEV 441-1 1-11) 

NOTE A s««r*gstlon may ba Mlabtahad b aNiaaw Hm eonAidon m wM m b aNiaa n Hta opwi cMtscta ef • 
■wttehins davic* or diiconnaeler. 

3.112 
bushing 

structure carrying one or more conductors through an enclosure or partition and insulating it 
therefrom, including the means of attachment • 

3.113 
cofflponent 

essential part of the main or earthing circuits of insulation-enclosed swAtchgear and 
controtgear which serves a specific function (for example, circuit-breaker, (^connector, 
switch, fuse, instrument transformer, bushing, busbar) 

3.114 

insulation-embedded component 

component, the live parts of which are integrally surrounded by solid insulation, with the 
exception of the terminals, interfaces for driving mechanisms and secondary winng 

NOTE TtM insulation may form part of Ilia Insulation onelosurs 

3.115 

main circuit (of an assemMy) 

all the conductive parts of insulation-endosed switchgear and controlgear included in a arcurt 
which is intended to transmit electrical energy 

[lEV 441-13-02, modified] 

NOTE Connaetions to vottaga transformars an not eensMarad part of tha main drcuil 

3.116 
•arthlitg circuit 

connection of each earthing device, or points pcovided for eartlnng purposes, to the terminal 
intended to be connected to the earthing system of the installation 

3.117 

auxiliary circuit (of an assontbly) 

all the conductive parts of insulation-endosed switchgear and controtgear included in a orcuit 
(other than the mein circuit) intended to control, measure, signal and regulate 

tIEV 441-13-03. modifiedl 

NOTE Tha auxiliary circuits of lnsulatlon.«nclosad swndigaar and eontrotgoar Micluda tha conirel and auiMary 
ctauits of tha switching davtcas. 

3.118 
pressure-relief device 

device intended to limit the pressure in a fluid-filled compartment 

3.119 

fluid-niled compartment 

compartment of insulation-encloeed switchgear and controlgear filled with a fluid, either gas. 
other than ambient air, or liquid, for insulation purposes 
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3.118.1 

gas-flll«d eompartniMit 

NOTE R«f«r to 3 6.5 1 of lEC 60004 

3.119.2 

liquid-flll«d compartment ^. .. .^ . ^ 

compartment of inaulation-enclosed svwtchgear and controlgear in which the liquid is at 
atmoapharic pfeaaure. or under pressure that is maintained by one of the following systems: 

a) Controlled pressure system 

b) Closed pressure system 

c) Sealed pressure system 

NOTE F»r prMsur* systams. i«tor to 3.8.4 of lEC 60694. 

3.120 

relative pressure 

pressure, referred to the standard atmospheric pressure of 101,3 kPa 

3.121 

minimum functional level (of fluid-filled compartments) 

gas pressure (relative pressure) in Pa (or density) or liquid mass at and above which the rated 
values of the insulation-enclosed switchgear and controlgear are maintained 

3.122 

design level (of fluid-filled compartments) 

gas pressure (relative pressure) in Pa (or density) or liquid mass used to determine the 
design of a gas-filled compartment or mass for a liquid-filled compartment 

3.123 

design temperature (of fluid-filled compartments) 

highest temperature which can be reached by the gas or liquid under service conditions 

3.124 

ambient air temperature (of insulation-enclosed switchgear and controlgear) 

temperature, determined under prescribed conditions, of the air surrounding the enclosure of 
insulation-endosed switchgear and controlgear 

3.12S 
remov«l>le part 

part of insulation-endosed switchgear and controlgear connected to the main circuit and that 
may be removed entirely from the insulation-enclosed switchgear and controlgear and 
replaced, even though the main circuit of the functional unit is energized 

[lEV 441-13-08. modified] 

3.126 
withdrawable part 

removable part of insulation-enclosed sv^fitchgear and controlgear that can be moved to 
positions in which an isolating distance or segregation between open contacts is established, 
while the part remains mechanically attached to the enclosure 

(lEV 441-13-09. modified] 
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3.127 

service position (connected position ) (of a removable part) 

position of a removable part in which it it fully connected for its intended function 

[lEV 441-16-25] 

3.128 

earthing position (of a removable part) 

position of a removal>le part or state of a disconnector in which the dosing of a mechanical 
switching device causes a main arcuit to be short-circuited and earthed 

[lEV 441-16-26. modified] 

3.129 

test position (of a withdrawable part) 

position of a withdrawable part in which an isolating distance or segregation is estat>ltshed in 
the main circuit and in which the auxiliary circuits are connected 

(lEV 441-16-27] 

3.130 

disconnected position (of a withdrawal>le part) 

position of a withdrawable part in which an isolating distance or segregation is estatriished in 
the circuits of the withdrawat>le pert, that part remaining mechanically atteched to the 
enclosure 

[lEV 441-16-28. modified] 

NOTE In Mgh-voHag* lnMitatton-*nclo«*d twitehgaar artd controlgMr, th« aunltiaiy cireuits may not ba 
disconnaclad. 

3.131 

removed position (of a removable part) 

position of a removable part when it is outside and mechanically and etectrtcelly separated 
from the enclosure 

[lEV 441-16-29, modified] 

3.132 

loss of service continuity category 

LSC 

cetegory defining the possibility to liecp other compartments and/or functional units energized 
when opening a main circuit compartment 

NOTE 1 TTm use eatagory daaerlbas tha axtant to wttkh tha (wHcheaar and conlrolgoar art inlandad to ramain 
oparational in eaaa aeeaaa to a matn-clrcutt eompattmanl to nacaaaary Tha axtant to wtHcti it n conaidorad 
nacaaaary to opan maln-clreutt eompartmanla with a Hva IfwtaHation mtgtit ba dapandant on aavaral aapocU (rafar 
to 8 2). 

NOTE 2 Tha LSC catagofy doaa not daacrtba ranlta of roNaMNty of awitchsaar and controlgoat (t«fa> to 8 2) 

3.132.1 

category LSC2 switotigear and cmitrolgear 

switchgeer and controlgear havirtg accessible compartments other than the busbar 
compartment of a single bustMr switchgeer and controlgear 

For insulation-endosed switchgeer and controlgear, when any acctwsibte compartment in s 
functional unit is open, all other functonel units are intended to remain enerf^zed and 
0|>erated normally An exception applies in the case of the busbar compartment of single- 
busbar switchgeer and controlgear which, when opened, prevent service continuity 
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Two •ubdivision* are recognized: 

LSC2B .wJtchoeer and controlgear of category LSC2 where the cable compartment is 
aKwintended to remain energized when any other accessible compartment of the 
correeponding functional unit is open. 

LSC2A: LSC2 switchgear and controlgear. other than LSC2B. 

3.132.2 

eatagory LSC1 awltchSMr and controlgear 

inaulation-encloaed ewitchgear and controlgear other than category LSC2 

3.133 

Intenial are classifiad switchgear and controlgear 

lAC 

insulation-enclosed switchgear and controlgear for which prescribed criteria for protection of 
persons are met in the event of internal arc as demonstrated by the appropriate tests 
NOTE Rafw to Annax A for additional information. 

3.134 

dograe of protectioii 

extent of protection provided by an insulation enclosure, partition or shutter if applicable 
against access to hazardous parts, against ingress of solid foreign objects and/or ingress of 
water and verified by standardized test methods. 

[lEC 80529:1989. definition 3.3, modified] 

3.135 
ratad virfu* 

quantity value assigned, generally by a manufacturer, for a specified operating condition of a 
component device or equipment 

(lEV 151-18-08. modified] 

NOTE Rafar to Clausa 4 tor Individual ratad vatuas. 

3.136 

disrupttv* discharge 

pherramena associated with the failure of insulation under electric stress, in which the 
dtschsrge completely bridges the insulation under test, reducing the voltage between the 
electrodes to zero or nearly to zero 

NOTE 1 TtM tarm apptiaa to dliclargas in solid, liquid and gasaous dialactrics and to comtmations of thasa. 

NOTE 2 A dtaiupttva dtacharga in a «oHd dialactric producas parmanant loss of dialactric strength (non-salf- 
raaierine ins<rfation): in a tiquld or gasaous dialactric. tlia loss may lio only tamporary (salf.rastoring insulation). 

NOTE 3 Tlia tarm 'spartiovar' ia uaa whan a disniptiva discharga occurs in a gssaoia or liquid dialactric; 

- ttia tarm '^shovar' is usad «ttan a disruptiva discharga occurs ovar t>M surtaca of a solid dialactric in a 

gaiao a a or Iquid madium. 

- iho tarm 'punetura' is uaad whan a disruptiva discharga occurs through a soMd dialactric. 

3.137 
atactric shock 

physiological effect resulting from an electric current through a human or animal body 

{lEV 195-01-04] 
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3.138 

protection grade against electric thock 

grade of protection of the insulation enclosure against electric shock 

3.138.1 

protection grade PA 

for protection grade PA the insulation Is generally sufficient for ttiose parts of the enclosure 
which are touched by persons only accidentally or inadvertently 

3.138.2 

protection grade PB 

protection grade PB ts considered as suitable for parts which are liat>le to be touched Two 

different designs for class PB are recognized 

• PB1 with an extra insulation in addition to the grade PA insulation, as a safeguard in case 
the protection grade PA insulation is damaged, 

• PB2 with an earthed conductive cover/layer in addition to the grade PA insulation The 
resistance between the points of this conductive layer that are liat>le to be touched, to the 
earthing point provided shall t>e less than 100 mQ (refer to 3 106) 

4 Ratings 

The ratings of insulation-enclosed switchgear and controlgear are the following 

a) rated voltage <(.',) and numt>er of phases, 

b) rated insulation level, 

c) rated frequency {f,), 

d) rated normal current (I,) (for main circuits). 

e} rated short-time withstand current (/„) (for main and earthing circuits), 

f) rated peak withstand current (/p). If applicabie (for mam and earthing circuits), 

g) rated duration of short circuit (\) (for main and earthing circuits). 

h) rated values of the components forming part of the msulatiun-enclosed switchgear and 
controlgear including their operating devices and auxiliary equipment 

i) rated filling level (of fluid-filled companments) 

4.1 Rated voltage {V,) 

Subclauses 4 1 and 4 11 of lEC 60694 are applicable 

NOTE Compof>«nti forminfl p»n of in«ul«tion-«rKto»«d •wttchgcar and controlgaar may haxra indtvitfual valuat of 
ratad voltag* in accordanca with thair ralavant atandarda 

4.2 Rated insulation level 

Subclause 4 2 of lEC 60694 Is applicable 

4.3 Rated frequency {/,) 

Subclause 4.3 of lEC 60694 is applicable 
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4.4 Rat»d normal current and tomparatura risa 

4.4.1 Ratad normal currant (/,) 

Subclause 4 4 1 of lEC 60694 is applicabie with the following addition: 

Some main circuits of insulation-enclosed switchgear and controlgear (for example, busbars, 
feeder circuits) may have diffenng values of rated normal current. 

4.4.2 Temperature risa 

Subclause 4 4 2 of I EC 60694 is applicable with the following addition: 

The temperature rise of components contained in the insulation-enclosed switchgear and 
controlgear which are subject to individual specifications not covered by the scope of 
lEC 60694 shall not exceed the temperature-rise limits permitted in the relevant standard for 
that component 

The maximum permissible temperatures and temperature rises to be taken into account for 
busbars are those specified for contacts, connections and metal parts in contact with 
insulation, as the case may be 

The temperature rise for accessible enclosures and covers shall not exceed 30 K for metal 
surfaces and 40 K for Insulation surfaces In the case of enclosures and covers that are 
accessitMe but need not t>e touched during normal operation, the temperature-rise limit may 
t>e increased by 10 K, if not accessible to public 

4.5 Rated short-time withstand current U^] 

Subclause 4 5 of lEC 60694 ts applicable with the following addition: 

A rated short-time withstand current shall also t>e assigned to the earthing circuit This value 
may drffer from that of the main circuit 

4.6 Ratad paah withstand currant (/p) 

Subclause 4 6 of lEC 60694 is applicable with the following addition: 

A rated peak withstand current shall also be assigned to the earthing circuit. This value may 
differ from that of the main circuit 

NOTE In principl* Um rated »hort-tim« withstand currant and tha ratad paak withatand currant of a main circuH 
cannot axcaad tita corraapondins rntad valuaa of tha waakaat of Ha aarias connaetad componarts. Howavar. for 
aach circuit or compartniant. advanta^a may bo takan of apparatua limiting tha short-circuit currant, such as 
cufrant-limitlns hiaaa, raactort, ate 

4.7 Rated duration of short circuit (r„) 

Subclause 4 7 of lEC 60694 ts applicable with the following addition: 

A rated duration of short circuit shall also be assigned to the earthing circuit. This value may 
*ffer from that of the main circuit 

4.6 Rated supply vottage of clo'sing and opening devices and of auxiliary and control 
circuits ((/|^ 

Subclause 4 8 of I EC 60694 is applicable 
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4.9 Rated supply frequvncy of opiating d«vicM and of auxiliary and control circuits 

Subclause 4 9 of I EC 60694 is appllcabia 

4.10 Rated pressure of compressed gas supirfy for insulation and/or operation 

Subclause 4 10 of lEC 60694 Is applicable 

4.10.1 Rated filling level (of fluid-filled compartments) 

The pressure (relative pressure) in Pa (or density) or liquid mass assigned by the 
manufacturer referred to atmospheric air conditions of 20 *C at which the gas- or liquid-filled 
compartment is filled before being put into service 

5 Design and construction 

Insulation-enclosed switchgear and controlgear shall t>e designed so that normal service, 
inspection and maintenance operations, determination of the energized or de-energized state 
of the main circuit, including the usual checking of phase sequence, earthing of connected 
cables, locating of cat><e faults, voltage tests on connected cables or other apparatus and the 
elimination of electrostatic charges that may result in electric shock, csn be carried out safely 

For insulation-endosed switchgear and controlgear it is necessary to take into account 
condensation and humidity conditions because such equipment has to t>e safe for persons 
touching it. not only in a dry state, but also with condensation on insulation surfaces 

All removable parts and components of the same type, rating and construction shall t>e 
mechanically and electrically interchangeable 

Removable parts and components of equal or greater current and insulation ratings may be 
Installed in place of removable parts and components of equal or lesser current and insulabon 
ratings where the design of these removable parts and components and compartment allows 
mechanical interchangeability This does not generally apply for current-limiting devices 

NOTE iMtaHing ■ ramovabia part or componani ef a Mghar rating deaa net naeaaaarNy Inciaaaa Iha capaMWias 
of a functional unit or imply tha functional unit i* capaMa of oparatien at Uta incraaaad raltnga e( llta ramovaMa 
part or eomponant. 

The various components within the insulation enclosure are subfect to ttte individual 
specifications applying to them. 

For main circuits with current-limiting fuses, the manufacturer of t»»e switctigear and 
controlgear may assign the fused short-circuit current 

5.1 Raquirements for liquids in switeliflMr and controlgear 

Subclause 5.1 of lEC 60694 is applicable 
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5.2 Requirements for gases in switchaear and controlgear 

Subclause 5 2 of lEC 60694 is applicable with the following addition: 
Sulphur hexafluoride (SF6) complying with lEC 60480 may be used. 

NOTE For handling of SF6. r«f»f to lEC 61634. 

5.3 Earthing of switchgear and controlgear 

Subclause 5 3 of lEC 60694 is applicable with the following addition 

All accessible metal parts, which do not belong to a main or auxiliary circuit and which can 
"collect electric charges that may result in electrical shock, shall be connected to the earthing 
terminal direct or through metallic structural parts. Thereupon, metallic frames and conductive 
layers shall always be connected to the earthing terminal direct or through metallic structural 
parts 

The short-circuit current ratings applicable to the earthing circuit depend upon the type of 
system neutral earthing for which it is intended 

NOTE 1 For sy*t«ms with solidly Mfthad neutral tha maximum short-circuit current of tha earthing circuit may 
reach levels up to ttte rated short-time withstand current of the main circuit. 

NOTE 2 For systems with other than solidly earthed neutral the maximum short-time current of the earthing circuit 
may reech levels up to 87 % of the rated shoit-time withstand current of the main circuit (short circuit under 
conditions ol double-earth fault). 

7ne earthing circuit is normally designed for a single short-circuit withstand. 

5.3.1 Earthing of thejnain circuit 

To ensure personnel protection during maintenance work, all parts of the main circuit to which 
access is required or provided shall be capable of being earthed prior to becoming accessible 
This does not apply to removable parts which become accessible after being separated from 
the switchgear and controlgear 

5.3.2 Earthing conductor 

An earthing conductor shall be provided extending the whole length of the insulation-enclof ed 
switchgear and controlgear The current density in the earthing conductor, if of copper, shall 
not exceed 200 A/mm' for a rated duration of short circuit of 1 s, and 125 A/mm^ for a rated 
duration of short circuit of 3 s However, its cross-section shall be not less than 30 mm' 
It shall be terminated by an adequate terminal Intended for connection to the earth system of 
the installation 

If the earthing conductor is not made of copper, equivalent thermal and mechanical 
requirements shall be met 

NOTE As gutdanca. reference is made to a method of calculating cross-sectional areas of conductors given in 
lEC 60734. Clause 3 

5.3.3 Earthing of earthing devices 

Where earthing connections have to carry the full three-phase short-circuit current (as in the 
case of the short-circuiting connections used for earthing devices), these connections shall be 
dimensioned accordingly 
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5.3.4 Earthing of withdrawable and removabi* parts 



The normally earthed metallic parts of a withdrawable part shall remain connactad to aarth in 
the test and disconnected positions and in any intermediate position Connections to earth in 
any position shall not exceed 100 mO resistance (at 30 A d c ) to the earthing point provided 

NOTE This d«mand on rcslstanc* doas not tppty to ficM ttaaring eondudiv* layara whara grada PA m appkcaWa 
(rofarto 3 138 1) 

On insertion, the normally earthed metallic parts of a removable part shall be connected to 
earth prior to the making of the contacts of the fixed and removable parts of the main circuit 

If the withdrawable or removable part includes any earthing device; intended to earth the mam 
circuit, then the earthing connection in the service position shall be considered as part of the 
earthing circuit with associated rated values (4 5. 4 6 and 4 7) 

5.4 Auxiliary and control •quipmant 

Subclause 5 4 of lEC 60694 is applicable 

5.5 Dependent power closing 

Subclause 5.5 of lEC 60694 is applicable 

5.6 Stored energy closing 

Subclause 5.6 of lEC 60694 is applicable 

5.7 Independent manual operation 

Subclause 5 7 of lEC 60694 i« applicable 

5.8 Operation of releases 
Subclause 5 8 of lEC 60694 is applicable 

5.9 Low- and high-pressure interlocking and monitoring devices 

Subclause 5 9 of I EC 60694 is applicabia 

8.10 Nameplates 

Subclause 5.10 of lEC 60694 is applicable with the following additions 

tnsulation-enctosed switchgear and controlgear shall be provided with durable and clearly 
legible nameplates which shall corttain the information in accordance with Table 1 
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TaM* 1 - Namaplat* information 







IMit 


•* 


Condition: 
Marking only raquirad if 


(1) 


(2) 


(3) 


W 


(5) 








X 










X 










X 










X 




Year d manufactur* 






X 




AfpicaM* tlamlanl 






X 




RMadvotog* 


u. 


kV 


X 




Ralad fraquancy 


fx 


Hz 


X 




Ralad KgMning imputsa wthstand voRaga 


^P 


l(V 


X 




Ratad potiwr fraquancy wiMntand vottaga 


Vt 


kV 


X 




Ratadnocinal currant 


If 


A 


X 




Ratad short-tima withstand currant 
(tor main and aarttting circuits) 


'u 


kA 


X 




(Tor mam and aartiiing circuits) 


'p 


kA 


Y 


Oitfarant(rom2.5rorS0Hz 
and 2.S for 60 Hz 


Rstad duration of short circuit 
(tor main and aartMng circuits) 


'k 


s 


X 








kg 


X 




Ratad Nlina lavai (or insulation 


Pn 


Pa 
or kg 


(X) 




Alami (aval for insulation 


Pm 


Pa 
or kg 


(X) 






Pm, 


Pa 

or kg 


(X) 




Haaa of mautoting fluid 




kg 


(X) 




tntamal are clasaifieation 


lAC 




(X) 




AccasalWWy typo <coda) 




A(F.L.R). 

Bff.L.R) 

orC 


(X) 




Are laat currant 




kA 


(X) 




Arc taal currant duration 




s 


(X) 




(**) X ■ tha markina of Ihasa valuaa is mandatary; 
(X) • tha marting of Utasa vatuas Is as sppHeaMa; 


NOTE 1 Ttta abtoovialien in cahimn (2) may ba usad instaad of tha tarms M eotuffln (1). 
NOTE 3 Whwi tarms in eahann (1) ara usad. tha word 'ratad* naad not appaar. 



Th« namapiataa of aach furfctional unit shall be lagitXa during normal service The removable 
parts, if any. shall have a separate nameplate with the data relating to the functional units 
they belong to. but this nameplate need only be legible when the removable part is in the 
removed position 
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5.11 Interlocking devices 

Subclause 5 11 of lEC 60694 ia applicable with the following additiona: 

Interlocks between different componenta of the equipment are provided for reaaona of 
protection and for convenience of operation The following proviaiona are mandatory for mam 
circuits: 

a) Insulation-enclosed switchgear and controlgear with removable parts 

The withdrawal or engagement of a circuit-breaker, switch or contactor shall be prevented 
unless It Is in the open position 

The operation of a circuit-breaker, switch or contactor shall t>e prevented unless it is only 
in the service, disconnected, removed, test or earthing position 

The interlock shall prevent the closing of the circuit-breaker, switch or contactor in the 
service position unless any auxiliary circuits associated with the automatic opening of 
these devices are connected Conversely, it shall prevent the disconnecton of the 
auxiliary circuits with the circuit-ttreaker closed in the service position 

b) Insulation-enclosed switchgear and controlgear provided with disconnectors 

Interlocks shall be provided to prevent operation of disconnectors under conditions other 
than those for which they are intended (refer to lEC 62271-102) The operation of a 
disconnector shall be prevented unless the circuit-breaker, switch or contactor is in the 
open position 

NOTE 1 This rule may b« disragardM) if it It poi»ibl« to hav« a busbar tranafar in a deuMa busbar systom 
without currant intarru|rtion. 

The operation of the circuit-breaker, switch or contactor shall be prevented unless the 
associated disconnector Is m the closed, open or earthing position (if provided) 

The provision of additional or alternative interlocks shall be sut>ject to agreement between 
manufacturer and user The manufacturer shall give all necessary information on tt«e 
character and function of interlocks. 

Earthing switches having a rated ahort-drcuit making capacity less than ttte rated peak 
withstand current of the main circuit should be interlocked vMth the associsted 
disconnectors 

Apparatus installed in main circuits, the incorrect operation of which can cause damage or 
which are used for securing isolating diatances during maintenance work, ahall be 
provided with locking facilities (for example provision for padlocks) 

If the earthing of a circuit is provided by the main switching device (circuit-breaker, svMtch 
or contactor) in series with an earthing switch, the earthing switch shall t>e interlocked with 
the main switching device Provision shall be made for the main switching device to be 
secured against unintentional opening, for example, by disconnection of tripping circuits 
and blocking of the mechanical trip 
NOTE 2 Instaad of an aarthlng switch, also a disconnsetor in tfia aaittiing peaWon is paaslbta 

If non-mechanical interlocks are provided, the design shall be such that no improper 
Situations can occur in case of lack of auxiliary supply However, for emergency control, 
the manufacturer may provide additional means for manual operation without interlocking 
facilities. In such case, the manufacturer shall clearly identify this faality and define tttc 
procedures for operation. 

5.12 Position indicatiofl 

Subclause 5 12 of lEC 60694 is applicaWe 
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5.1 3 0«gre«« of protection by Miclosures 

Sutx:l.u.. 5 13 of lEC 60694 m applicabta However for 5 13 3, the impact energy .s limited 
to 1 J 

5.14 Cr««pag« distanc** 

Subclause 5 14 of lEC 60694 is applicable 

8.15 Gas and vacuum tightness 

Subclause 5 15 of lEC 60694 is applicable witt) the following addition: 

Refer to 5 103 2 3 

5.16 Liquid tightness 

Subclause 5 16 of lEC 60694 is applicable with the following addition: 

Refer to 5 103 2 3 

5.17 Flanimability 

Subclause 5 17 of lEC 60694 is appiicabie 

5.16 Electromagnetic compatibility (EMC) 

Subclause 5 18 of lEC 60694 is applicable 

5.101 Intafnal fault 

Inskrtabon-enclosed switchgear and controlgear that satisfies the requirements of this 
■tanctard, is designed and manufactured, in principle, to prevent the occurrence of internal 
faults 

The user shalt malie a proper selection, according to the characteristics of the network, 
operatmg procedures and service conditions, refer to 8.3. 

if the switehgear and controlgear is irwtalled, operated and maintained following the 
irtstrucbons of the manufacturer, there should be little probability that an internal arc occurs 
during its entire service life, but it cannot be completely disregarded. 

Failure Mthin the enclosure of insulation-enclosed switchgear and controlgear due either to a 
defect or an exceptional service condition or mal-operation may initiate an internal arc, which 
constitutes a hazard, if persons are present. 

Experience has shown that faults are more likely to occur in some locations inside an 
enclosure than in others. Table B 1 in Clause 8 gives a list of such locations, causes of failure 
and possibte memures to decrease the probability of internal faults. 

Other measures may be adopted to provide the highest possible level of protection to persons 
in cese <^ an internal arc These measures are aimed to limit the external consequences of 
such an event 

The foHowing are some examples of these measures 

Ra(»d fauK clearance times iniCated by detectors sensitive to light, pressure or heat or by a 
differential t>ust>ar protection. 
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- Application of suitable fuses In combtnation with switching devices to limit the let-through 
current and fault duration 

- Fast elimination of arc by diverting it to metallic short circuit by means of fast sensing and 
fast closing devices (arc eliminator) 

- Remote control 

- Pressure relief device 

- Transfer of a withdrawable part to or from the service position only v»hen the front door is 
closed 

The effectiveness of the design for providing the prescribed level of protection of persons in 
case of an internal arc, occurring entirely in air within the enclosure of the insulation-endosed 
switchgear and controlgear, can be verified by testing according to Annex A Designs v^ich 
have been successfully tested qualify as lAC classified 

5.102 Insulation enclosure 

5.102.1 General 

The complete insulation enclosure as well as the materials used in the coratruction shall be 
capable of withstanding the mechanical, electrical and thermal stresses as well as the effects 
of humidity and ageing which are likely to be encountered in normal service conditions 

The main parts of the insulation enclosure may be considered as consisting of non-self- 
restoring Insulation. 

When the Insulation-enclosed switchgear and controlgear is installed, the enclosure shall 
provide at least the degree of protection IP 2X, according lEC S0S20 The walls and the ftoor 
of a room shall not be considered as parts of the enclosure 

Parts of the enclosure bordering non-accessible compartments shall be provided with a clear 
indication not to be dismantled 

The complete insulation enclosure shall also ensure protection in accordance with the 
following conditions 

5.102.2 Protection Qtadt of the Insulation enclosure against electric shock 

The insulation enclosure shall provide protection of persons against electric shock w^en 
touching the enclosure or operating insulation-enclosed switchgear and controlgear The 
following two grades of protection are cfistinguished 

Protection grade PA with an insulation which meets all the requirements given in the items a) 
to d) of 5.102.3 is generally sufficient for those parts of the enclosure which are touched by 
persons only accidentally or inadvertently 

Protection grade PB is considered as suitable for parts wftich are liatMe to be touched when 
operating, when replacing removable parts or when carrying out other normtf maintenance 
work. Two different designs for grade PB are distinguished: 

• PB1 with an insulation which meets, in addition to those of protection grade PA, the 
requirements ffven in Item e) or f) of 5.102.3 as a safeguard in case the protection grade 
PA insulation is damaged. 
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. P82 with an msulation of protection grade PA. supplied with an earthed conductive cover 
or layer This earthed conductive cover or layer shall meet the requirements given m item 
Q) of 5 102 3 as a safeguard to demonstrate that the protection grade PA insulation is 
sufficient 

5.102.3 Requirements for protection grades 

Reference is made to the informative Annex D for clarification. 

For protection grade PA, the insulation enclosure shall meet the following requirements: 

a) The insulation between parts of the main circuit and the accessible surface of the 
insulation enclosure of the total assembly shall be capable of withstanding the test 
voltages specified in 6 2 6 for dielectric tests to earth and between phases 

b) Apart from mechanical considerations, the thickness of the insulating material of insulation 
enclosures shall be sufficient to vinthstand the test voltages specified in item a). The 
methods specified in lEC 60243 should be applied to the tests to meet the relevant 
requirements 

c) The insulation between live parts of the main circuit and the inner surface of insulating 
partitions and shutters facing these shall withstand at least 150 % of the rated voltage of 
the equipment 

d) Capacitive and lealtage currents shall not be greater than 0,5 mA under the specified test 
conditions (refer to 6 104 2) Leakage currents may reach the accessible side of the 
insulation by a continuous path over insulating surfaces or by a path broken only by small 
gaps of gas or liquid 

For protection grade PBI, the requirements of protection grade PA and one of the following 
additional requirements shall be met by the insulation enclosure. 

a) The insulation enclosure shall consist of at least two layers of insulating material, one of 
which shall comply with the requirements of item b) The other layer shall be able to 
withstand only a 1 min power-frequency test voltage equal to 150 % of the rated voltage 
It shall not be possit>le to remove the additional insulation without the aid of a tool. 

f) The insulation enclosure contains a fluid insulant or ambient air. In these cases. It shall be 
ensured that the insulation of the main circuit with respect to the internal surface of the 
insulation enclosure is capat>le of withstanding a 1 min power-frequency test voltage 
equal to 150 % of the rated voltage, even when the gaseous or liquid insulant is replaced 
t>y amtMent air at normal atmospheric pressure 

NOTE t In lht» casa. th« axtra taquiramani for PB proMclion is achiavad on the insida of the PA protection. 
Rafar also to Figure 0.2b in Annex 

For protection grade PB2. the requirements of protection grade PA and the following 
8d(fttlonal requirement shall t>e met 

g) The resistance of earthed conductive cover or layer shall be maximum 100 mtl (at 30 A 
d c ) to the earthing point provided 

NOTE 2 It the grada ^2 i» complete for the whole switchgear, lEC 62271-200 is appticable. 

NOTE 3 If the resistance of the earttMd conductive cover or layer to the earthing point provided is higher 
than 100 ntf] (at 30 A d c ) grada PA is appticable. 

S. 102.4 Covers and doors 

When covers and door* that are parts of the enclosure are closed, they shall provide the 
degree of protecton specified for the insulation enclosure 
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When ventilating openings, vent outlets or inspection windows are incorporated in the cover 
or door, reference is made to 5 102 6/7 

Several categories of covers or doors are recognized with regard to the type of accestiWe 
compartments to which they provide access 

a) Covers or doors that give access to tool-based accessible compartments They need not 
be opened for the normal purposes of operation or maintenance (fixed covers) It shall not 
be possible foi them to be opened, dismantled or removed without the use of tools 

NOTE 1 They should b« ap«n«d only whan prceautons to ansur* •tactnol safety hav* baan takan 

NOTE 2 Attention should t>a paid to the raquiramant (if any) to carry out oparatwn ol tha switching davicas 
without voltage/currant on tha mam circuit with doors and covars opan as part of tha maintananca procedures 

b) Covers or doors that give access to interlock-controlled accessible or procedure-based 
accessible compartments These covers or doors shall be provided if there. is a need to 
access the compartment for normal operation and/or normal maintenance as stated by the 
manufacturer These covers or doors shall not require tools for their opening or removal 
and shall have the following features 

- Interlock controlled accessible compartments These shall be provided with interlocking 
devices so that opening of the compartment shall only be possible when the part of the 
main circuit contained in the compartment bemg made accessible is dead and earthed, 
or in the disconnected position with corresponding shutters closed, 

Procedure-based accessible compartments these shall be provided with provision for 
locking, for example, padlocking 

NOTE 3 Suitable procedures should be put in place by the user to ensure that a procedure-based accessible 
compartment may be opened only when the part of tha mam circuit contained In tlie compartmerM tMing made 
accessible is dead and earthed, or in the disconnected position with corresponding shutters closed 
Procedures may be dictated by legislation of tha country of installation or by user safely documentation 

5.102.5 Partition or shutter being part of the enclosure 

If partitions or shutters become part of the enclosure with the removable part in any of the 
positions defined m 3 128 to 3 131, they shall provide the degree of protection specified for 
the enclosure In this case shutters also shall meet the requirements specified for protection 
grade PB. if liable to be touched 

NOTE 1 A partition or shutter becomes a part of the enclosure, if it is accessibte in any of tha positions defifwd in 
3 128 to 3 131 and i( no door is provided which can be closed in the positions defined in 3 127 to 3 131 

NOTE 2 If a door is provided which can be closed in the positions defined m 3 127 to 3 131 the peitilion or sftuKei 
behind the door is not considered to be a part of the enclosure 

5.102.6 Inspection windows 

Inspection windows shall provide at least the degree of protection specified for the enclosure 

Inspection windows shall be covered by transparent sheets of mechanical strength 
comparable to that of the insulation enclosure They shall meet at least the requirements of 
insulation enclosures specified for protection grade P8 

5.102.7 Ventilating openings, vent outteU 

Ventilating openings and vent outlets shall be so arranged or shielded that the same degree 
of protection as that specified for the insulation enclosure is otMained Such openings may 
make use of wire mesh or the like provided that it is of suitable mechanical strength 
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Ventilatrng openings and vent outlets shall be arranged in such a way that gas or vapour 
escaping under pressure does not endanger the operator 

5.103 Compartments 
S. 103.1 General 

A compartment shall be designated by the main component contained therein, for example, 
circuit-breaker compartment, busbar compartment, cable compartment, etc 

Where cable terminations are contained in a compartment with other main components (for 
example, circuit-breaker, busbars, etc ) then the designation shall primarily be that of the 
other mam component. 

NOTE Comp«itm«nf» may b« further identified according to the several components enclosed, for example. 
caWe/CT compartment, etc. 

Compartments may be of various types, for example; 

- liquid-filled, 

- gas-fiiled, 

- solid-insulation 

Main components individually embedded in solid insulating material are considered as 
compartments 

Openings necessary for interconnection between compartments shall be closed with bushings 
or other equivalent means 

Busbar compartments may extend through several functional units without the need for 
bushings or other equivalent means However, in case of LSC2, separate compartments shall 
be provided for each set of busbars, for example, in dout>le busbar systems and for sections 
of twitchable or disconnectable busbars 

5.103.2 Fluid-filled compartments (gas or liquid) 

5.103.2.1 General 

Compartments shall be capable of withstanding the normal and transient pressures to which 
they are subjected in service 

Gas-fiiled compartments, when permanently pressurized in service, are subjected to particular 
conditions of service which distinguish them from compressed air receivers and similar 
storage vessels These conditions are as follows 

Gas-filled compartments are normally filled with a non-corrosive gas, thoroughly dried, 
stable and inert, since measures to maintain the gas in this condition with only small 
fluctuations in pressure are fundamental to the operation of the switchgear and controlgear 
and since the compartments will not be subjected to internal corrosion, there is no need to 
make allowances for these factors in determining the design of the compartments. 

- The design pressure is below, or equal to, 300 kPa (relative pressure) 
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5.103.2.2 Design 



The design of a fluid-filled compartment shall be based on the nature of the fluid the design 
temperature and. when applicable, on the design level as defined in this standard 

The design temperature of the fluid-filled compartment is generally the upper limit of ambient 
air temperature Increased by the temperature rise of the fluid due to the flow of rated normal 
current The design pressure of the enclosure shall not be less than the upper limit of the 
pressure reached within the enclosure at the design temperature 

Account shall be taken of the possibility of the occurrence of an internal fault (refer to 5 101) 
and the following for fluid-filled compartments 

a) the full differential pressure possit>le across the compartment walls or partitions, including 
any evacuation process If used during filling or maintenance operations. 

b) the resulting pressure In the event of an accidental leak between the compartments m the 
case of adjacent compartments having different service pressures 

5.103.2.3 Tightness 

The manufacturer shall state the pressure system used and the permissible leakage rate for 
the fluid-filled compartments (refer to 5 15 and 5 16 of lEC 60694) 

If requested by the user, in order to permit entry to a fluid-filled compartment of closed or 
controlled pressure systems, the permissible leakage across partitions should also be stated 
by the manufacturer 

For gas-filled compartments where the minimum functional level exceeds 100 kPa (relative 
pressure), an Indication should be provided when the pressure at 20 *C has fatten below the 
minimum functional level (refer to 3 121) 

A partition, separating a compartment filled with insulating gas from a neighbouring compart- 
ment filled with liquid, such as a cable box or a voltage transformer, shall not show any 
leakage affecting the dielectric properties of the two media 

5.103.2.4 Pressure relief of fluid-filled compartments 

Where pressure-relief devices or designs are provided, they shall be arranged so as to 
minimize the danger to an operator during the time that he is performing hts normal operating 
duties if gases or vapours are escaping under pressure The pressure- relief devices shall not 
operate below 1,3 times the design pressure The pressure-relief device may be a designed, 
for example, weak area, of the compartment or a dedicated device, for example, a bursting 
disc 

5.103.3 Partitions and shutter* 

For the purpose of this standard, only class PI is defined for partitions and shutters between 
opened compartments and live parts of the main arcuit, refer to 3 109 

Partitions and shutters shall provide at least the degree of protection IP2X according to 
I EC 60529 

Partitions shall provide mechanical protection ag»nst the normal gas pressure still present m 
the adjacent compartment (if applicable) 
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Conductors passing through partitions shall be provided with bushings or other equivalent 
means to provide the required IP level 

Openings in the enclosure of insulation-enclosed switchgear and controlgear and in the 
partitions of compartments through which contacts of removable or withdrawable parts 
engage fixed contacts shall be provided with automatic shutters operated in normal service 
operations to assure the protection of persons in any of the positions defined In 3 127 to 
3 131 Means shall be provided to ensure the reliable operation of the shutters, for example, 
by a mechanical drive, where the movement of the shutters Is positively driven by the 
movement of the removable or withdrawable part 

Por removable parts that are not wnthdrawat>le. positions accoruing to 3 128, 3 129 and 3 130 
are not applicable In this case a temporary inserted partition is also allowed 

The status of shutters may not in all situations be readily confirmed from an open compart- 
ment, (for example, cable compartment open but shutters mounted in breaker compartment) 
In such situations, verification of the shutter status may require access to the second 
compartment or provision of a inspection window or reliable indicating device 

If, for maintenance or test purposes, there is a requirement that one or more sets of fixed 
contacts shall be accessible through opened shutters, the shutters shall be provided with 
means of locking each set independently in the closed position When, for maintenance or 
test purposes, the automatic closing of shutters is made inoperative in order to retain them in 
the open position, it shall not be possible to return the switching device to the service position 
until the automatic operation of the shutters is restored This restoration may be achieved by 
the action of returning the switching device to the service position 

It may be possit>ie to use a temporary inserted partition to prevent the live set of fixed 
contacts being exposed, refer to 10 4 

S. 104 Removable parts 

Removable part* for ensuring the isolating distance between the high-voltage conductors 
shall comply with lEC 62271-102, except for mechanical operation tests (refer to 6 102 and 
7 102) This disconnection facility is intended for maintenance purposes only 

If removable parts are intended to be used as a disconnector or intended to be removed and 
replaced more often than only for maintenance purposes, then testing shall also include the 
mechanical operation tests according to lEC 62271-102 

The requirement that it shall be possible to know the operating position of the disconnector or 
earthing switch is met if one of the following conditions is fulfilled 

- the isolating distance is visible, 

- the position of the withdrawable part, in relation to the fixed part, is clearly visible and the 
positions corresponding to full connection and full isolation are clearly identified, 

- the position of the withdrawable part is indicated by a reliable indicating device 

IMOTE ) In »om« countries regulations r«quir« thai the isolating distance is visible 
»«>TE 2 Refer to lEC 62271-102 
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Any removable part shall be so attached to the fixed part that its contacts will not open .r 
advertently due to forces which may occur m service, m particular those due to a short circu't 

In svirttchgear and controlgear lAC classified, the transfer of withdrawable parts to or from the 
service position shall be carried out vmthout reduction of the specified level of protection m the 
event of an internal arc This is achieved, for example, when the operation is only possiWe 
when doors and covers intended to ensure personnel protection are dosed Other design 
measures providing equivalent level of protection are acceptable The effectiveness ot the 
adopted design shall be verified by testing (see Clause A 1) 

Leakage currents across the isolating distance shall not exceed 0,5 mA The measurement of 
leakage currents shall be carried out m accordance vinth the method specified m 6 104 2 

5.105 Provisions for dielectric tests on cables 

When it is not practical to disconnect the cable from the insulation-enclosed switchgear and 
controlgear, those parts which remain connected to the cable shall t>e capaC>le of vmthstanding 
the cable test voltages as stated by the manufacturer and based upon the relevant cat>le 
standard's That is, when one side of the isolating gap is energized at normal system voltage 
to earth and tests are being carried out on the cat>le connected to the other side of the 
isolating gap 

Refer to the dielectric test defined in 6 2 101 

NOTE Atttntion is driwn to th* fact that practically no ufaty margin it lafl in loma caaai batwaan tha ratad 
powar-fraquancy last vottaga for tha isolating distafKa artd tha rasuttir>g voKaga stratt across Ifia isotalmg 
distanca dua to tha application of tha eal>la tsst voltaga, if tha olhar sida ot tha isolating distance ot tha twitchgaar 
and controlgaar is still liva. 

6 Type tests 

6.1 General 

Subclause 6 1 of lEC 60694 is applicable with following additions 

Components contained in insulation-enclosed switchgear and controlgear which are subject to 
individual specifications not covered by the scope of lEC 60694 shall comply with, and be 
tested in accordance vwth, those specifications, taking into account the following subclauses 

The type tests shall be made on a representative functional unit Because of the variety of 
types, rating and possible combinations of components, it is not practicable to make type 
tests With all arrangements of the switchgear and controlgear The performance of any 
particular arrangement may be substantiated by test data of comparable arrangements 

NOTE A raprasantativa functional unit may Ult« tha form of ena axtanstbta unit, Howavar, it may ba nacassary to 
bolt two or thraa of such units togathar 

The type tests and verifications comprise 

tubclausa 

Mandatory type tests 

a) Tests to verify the insulation level of the equipment 6 2 

b) Test to prove the temperature rise of any part of the equipment and 6 5 and 6 4 
measurement of the resistance of circuits 
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Subclause 



c) Tests to prove the capability of the main and earthing circuits to be 6 6 
subjected to the rated peak and the rated short-time withstand currents 

d) Tests to prove the making and breaking capacity of the included switching 6 101 
devices 

e) Tests to prove the satisfactory operation of the included switching devices 6 1 02 
and removable parts 

f) Tests to verify the protection of persons against approach to hazardous 6.7 
parts and the protection of the equipment against solid foreign objects 

g) Tests to verify the protection of persons against electric shock 6 104 

h) Tests to detect certain defects in the solid insulation of the equipment by 6 2.9 

the measurement of partial discharges 

Mandatory type tests, where applicable: 

i) Tests to verify the strength of gas-filled compartments 6. 103 

j) Tightness tests of gas- or liquid-filled compartments 6.8 

k) Tests to assess the effects of arcing due to an internal fault (for 6 105 

switchgear and controlgear classification lAC) 

I) Electromagnetic compatibility tests (EMC) 6.9 

Optional type tests (subject to agreement between manufacturer and user): 
m) Tests to verify the protection of the equipment against mechanical impact 6.7 

n) Tests to verify the thermal stability of insulating materials 6 106 

o) Tests to assess the effects of condensation on insulation surfaces 6.107 

p) Artificial pollution tests 6 2 8 

q) Dielectric tests on cable testing circuits 6 2.101 

Type tests may impair the suitability of the tested parts for subsequent use in service 
Therefore, specimens used for type test shall not be used in service without agreement 
iMtween manufacturer and user 

6.1.1 Grouping of tests 

Subclause 6 1 1 of lEC 60694 is applicable with the followring modification: 

The mandatory type tests (not including items k) and I) shall be carried out on a maximum of 
four teat specimens 

6.1.2 Information for Montification of sprcimens 

Subclause 6 1 2 of lEC 60694 is applicable 

6.1.3 information to b« included in type-test reports 

Subclause 6 1 3 of lEC 60694 is applicable 
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6.2 Dielectric tests 

Subclause 6 2 of lEC 60694 is applicable 

6.2.1 Ambient air conditions during tests 

Subclause 6 2.1 of lEC 60694 is applicable 

6.2.2 Wet test procedure 

lEC 60694 is not applicaljle as insulation-enclosed switchgear and controlgear is suitable only 
for indoor use 

6.2.3 Conditions of switchgear and controlgear during dielectric tests 

Subclause 6 2.3 of lEC 60694 is applicable with the following addition 

For insulation-enclosed switchgear and controlgear using fluid (liquid or gas) for insulation 
dielectnc tests shall be performed filled with the insulating fluid specified by the menufactuier 
to the minimum functional level also specified by the manufacturer 

6.2.4 Criteria to pass the test 

Subclause 6.2 4 of lEC 60694 is applicable, with the following modifications 

• The second paragraph of item a) that refers to wet test is not applicable 

• The first paragraph of item b) is replaced by 

The switchgear and controlgear has passed the impulse tests if the following conditions 
are fulfilled 

a) the number of disruptive discharges does not exceed two for each series of IS 
impulses; 

b) no disruptive discharges, on non-self-restoring insulation occur 

This Is verified by at least five impulses without disruptive discharge following that impulse. 
which caused the last disruptive discharge If this impulse is one of the last five out of the 
series of 15 impulses, additional impulses shall be applied, provided that the total number 
of discharges does not exceed two in the complete series Tht* can result m ■ maximum of 25 
impulses per series 

NOTE For fluid-niKd compartmarfts tasted with l*t< bushings that ara nol pan of <ha swifchgsa' and 
conlrolgaar. impulsas rasutting in flashovar across tha tast bushings ara nol considarad a* part ol tha tast 
sarics 

6.2.5 Application of test voltages and test conditions 

Subclause 6 2 5 of lEC 60694 is not applicable 

Because of the great variety of designs, it is not feasible to give specific indications of the 
tests to be performed on the main circuit, but. in pnnaple. they shall cover the following tests 

a) To earth and between phases 

The test voltages specified m 6 2 6 shall be applied connecting each phase conductor of 
the mam circuit in turn to the high-voltage terminal of the test supply All other conductors 
of the main circuit and the auxiliary circuits shall t>e connected to the earthing conductor 
and to the earth terminal of the test supply 

Areas of the insulation enclosure intended for resting on the floor or being fixed to the wall 
shall be covered by earthed metal foils 
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in order to check compliance with the requirement of item a) of 5 102.3 the insulatiori 
endosu e as well as inspection windows, partitions and shutters of insulating materia 
sha°be covered on the side accessible during operation or maintenance m the most 
unfavourable situation for the test, with a circular or square metal foil. This foilshal have 
an area as large as possible, but not exceeding 100 cml which shall be connected to 
earth in case of doubt about the most unfavourable situation, the test shal be repeated m 
different situations This foil shall be applied on the external surface of the enclosure 
without protruding into small gaps For convenience of testing, subject to agreement 
between manufacturer and user, more than one metal foil may be applied simultaneously 
or larger parts of the enclosure may be covered 

NOTE H a subusemWy is test.d. it should include joints of insulation-embedded components if these are 

used 

The dielectnc tests shall be made with all switching devices closed and all removable 
parts m their service position. Attention shall be given to the possibility that switching 
devices in their open position or removable parts in the disconnected, removed, test or 
earthing position, may result in less favourable field conditions Under such conditions the 
tests shall be repeated However, the removable parts shall not be subjected to these 
voltage tests whilst they are in the disconnected, test or removed position 
For these tests, devices such as current transformers, cable terminations, overcurrent 
releases/indicators shall be installed as in normal service In case of doubt about the most 
unfavourable arrangement, tests shall be repeated with alternative configurations 

b) Across the isolating distance 

Each isolating distance of the main circuit shall be tested using the test voltages specified 
in 6 2 6 according to the test procedures as stated in 6 2.5.2 of lEC 60694 

The isolating distance may be formed by 

- a disconnector in open position; 

- the distance between the two parts of the main circuit intended to be connected by a 
withdrawn or removed switching device 

If, m the disconnected position, an earthed metallic shutter is interposed between the 
disengaged contacts to assure a segregation, the gap between the earthed metallic 
shutter and the live parts shall withstand only the test voltages required to earth. 

If, in the disconnected position, there is no earthed metallic shutter or partition between 
the fixed part and the withdrawable part, the test voltages specified for the isolating 
distance shall be applied 

- between the fixed and moving contacts intended to engage, if conductive parts of the 
mam circuit of the withdrawable part can inadvertently be touched; 

- between the fixed contacts on one side and the fixed contacts on the other side, with 
the switching device of the withdrawable part in the closed position if possible, if they 
cannot inadvertently be touched If it is not possible to have the switching device 
closed in the disconnected position, then this test shall be repeated in the test position 
with the twitching device of the withdrawable part closed 

c) Complementary tests 

If the requirements of items e) or f) of 5 102 3 are applicable, evidence shall be given of 
the required ability to withstand a power-frequency test-voltag« of 150% of the rated 
voltage for 1 min 
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In the case of gaseous or liquid insulation, the insulation between the live parts of the 
mam circuit and the inside surface of insulating partitions or shutters shall be subjected to 
a power-frequency test voltage of 150 % of the rated voltage for 1 mm For this test trie 
inner surface of the partitions or shutters that face the live parts shall be covered by an 
earthed metal foil or conducting cloth as described under item a) above The test voltage 
(8 applied on all parts of the mam circuit connected together 

6.2.6 Tests of insulation-«nclosed switchgear and controlgear 

The tests shall be performed with the applicable test voltages given in Table la or lb of 4 2 of 
lEC 60694 For test voltages to earth and beh/i/een phases columns (2) and (4) shall be used 
For test voltages across isolating distances columns (3) and (5) shall be used 

Overvoltage protective devices, not forming an integral part of the switchgear and controlgear 
if any. shall be disconnected or removed 

Instrument transformers, power transformers or fuses may be replaced by replicas 
reproducing the field configuration of the high-voltage connections 

Current transformer secondaries shall be short-circuited and earthed Current transformers 
with a low ratio may have their primaries short-circuited too 

6.2.6.1 Powsr-frequency voltage tests 

Switchgear and controlgear shall be subjected to short-duration power-frequency voltage 
withstand tests in accordance with lEC 60060-1 The test voltage shall be raised for eacn test 
condition to the test value and maintained for 1 mm 

The tests shall t>e performed in dry conditions 

During the power-frequency voltage tests, one terminal of the test transformer shall be 
connected to the earthing terminal and to the metal foil or conducting cloth at the applicable 
points on the insulation-enclosed switchgear and controlgear An exception is made for the 
situation where, during the tests in accordance with item b) of 6 2 5, the mid-pomt or another 
intermediate point of the voltage source should be connected to the earthing terminal m o.-der 
that the voltage appearing between any of the live parts and the parts, intended to be earthed 
will not exceed the test voltage specified in item a) of 6 2 5 

If this IS not practicable, one terminal of the test transformer may, with the agreement of the 
manufacturer, be connected to earth and the parts intended to be earthed of the switchgear 
and controlgear. shall, if necessary, be insulated from earth 

6.2.6.2 Lightning impulse voltage tests 

Switchgear and controlgear shall be subjected to lightning impulse voltage tests m dry 
conditions only 

Procedure B of lEC 60060-1 shall be applied using the standard lightning impulse 12/50^8 
Fifteen consecutive lightning impulses at the rated withstand voltage shall be applied for each 
test condition and each polarity However, as an alternative in order to avoid possitjie damage 
to the solid insulation, procedure C of lEC 60060-1 may be applied, subject to agreement 
between manufacturer and user 

NOTE 1 This procadur* C int i» p«rform«d by api^ing t»»f»« tont»cutiv« impi*»«« »Of ••ch polarity If no 
disnjptiva discharga occur*, tha awitchgaar i* cenaidarad lo hawa paaaad tha laat 
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NOTE 2 It m.y b. n«c«iMry for crttm typ«s of insutoting m.t.h.l to eliminate residual charges before starting 
the letl* with th« oppoeite polarity. 

During the lightning impulse voltage tests, the earthed terminal of the impulse generator shall 
be connected to the earthing terminal and to the metal foil or conducting cloth at the 
applicable points on the enclosure of the metal-enclosed switchgear and controlgear. except 
that during the tests in accordance with Item b) of 6 2 5, the parts intended to be earthed 
shall if necessary be insulated from earth in order that the voltage appearing between any of 
the live parts and the parts, intended to be earthed will not exceed the test voltage specified 
in item a) of 6 2 5 

6.2.7 Tests of switchgear and controlgear of rated voltage above 245 kV 

Not applicable 

6.2.8 Artificial pollution tests 

Insulation-enclosed switchgear and controlgear Intended to be used In service conditions 
more severe, with respect to condensation and pollution, than the normal service conditions 
specified in this standard may be submitted to test according to lEC 60932, upon agreement 
tietween the manufacturer and user. 

NOTE In general, this test may be considered as superfluous, as a specific test is already prescribed in 6.107 

6.2.0 Partial discharge tests 

Refer to Annex B with the following additions: 

This test shall be made after the lightning impulse and power-frequency voltage tests 
Instrument transformers, power transformers or fuses may be replaced by replicas 
reproduong the field configuration of the high-voltage connections 

NOTE 1 In the case of designs consisting of a combir«tton of conventional components (for instance, instrument 
transformers, bushings) that can t>e tested separately in accordance with their relevant standards, the purpose of 
ItHS partial discharge test ts to check the arrangement of the components in the assembly. 

f40TE 2 This lest may be earned out on assemblies or subassemblies Care should be taken that external partial 
diacharges do not affect ttw measurement. 

6.2.9.101 Maximum permissible partial discharge intensity 

The maximum permissible partial discharge intensity shall not exceed 20 pC for each 
functional unit, at 1.1 (.', phase-to-phase voltage, see Table B 1 

NOTE For systems with no solidly earttied neutral, no maximum partial discharge intensity is prescribed in case of 
earth fault, for mtormation only. 100 pC at 1 .1 'l, phasa-to-earth voltage seems to be an accepUbta limit. 

As a general rule, the intensity permitted for an assembly or subassembly should be the 
highest value permitted for its components 

6.2.10 Dielectric tests on auxiliary and controt circuits 

Sut>clause 6 2 10 of lEC 60694 is applicable 

Current transformer secondaries may be short-circuited and disconnected from earth Voltage 
transformer secondaries may be disconnected 

Voltage-ltmitmg devices, if any. shall be disconnected 
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6.2.11 Voltage test as condition checli 

Subclause 6 2 11 of lEC 60694 Is applicat>le 

6.2. 101 Dielectric tests on cable testing circuits 

To allow dielectric teats on cables while the switchgear and controigear is in service (refer to 
5 105), an additional power-frequency withstand-voltage type test may be applied to confirm 
the ability of the relevant isolating distances to withstand cable test vottsge while the ottier 
side of the isolating distance is stil live. 

The test values are subject to agreement between the user and the manufacturer 

NOTE The test values igreed should be chosen to ensure « safety margin between the rated power-frequency 
test voltages for the isolating ditianca and the resulting voltage stress across the taeMmg diataflce due to the 
application of. for example, a d c. cable test volUge while the otfier side of ttie laolatlno dielanoe of meutMon- 
enclosed switchgear and controigear is stUI live. 

6.3 Radio interference voltage (r.i.v.) test 

Not applicable. 

6.4 Measurement of the resistance of circuits 

6.4.1 Main circuit 

Subclause 6 4 1 of lEC 60694 is applicable with the followtng addition 

The measured resistance across the complete main circuit of an assembly of irtsulation- 
enclosed switchgear and controigear is indicative of the proper condition of the current path 
This measured resistance shall be the reference for the routine test, refer to 7 3 

6.4.2 Auxiliary circuits 

Subclause 6 4 2 of lEC 60694 Is applicable 

6.4.101 Requirement for protection grade PB2 

If the requirement of item g) of 5 102 3 is applicable, the resistance of the earthed conductive 
cover or layer shall t>e maximum 100 mil to the earthing terminal of the switchgear and 
controigear This is demonstrated by feeding at the most onerous points 30 A d c to the 
conductive layer The corresponding voltage drop from a point on the layer nearby the point of 
infeed shall t>e a maximum of 3 V 

NOTB It migM be necessary to feed the current on the conductive layer through a laraer aree o». for examplo. 
1 cm', to avoid a too high density on the spot 

6.5 Temperature-rise tests 

Subclause 6 5 of lEC 60694 is applicable, with the following addition 

Where the design provides alternative components or arrangements, the test shall be 
performed with those components or arrangements for which the most severe conditions are 
obtained The representative functional unit shall be mounted approximately as in normal 
service, including all normal enclosures, partitions, shutters, etc , and the covers and doors 
closed. 



29 



IS/IEC 62271-201 : 2006 

The tests shall be made normally with the rated number of phases and the rated normal 
current flovwng from one end of the length of busbars to the terminals provided for the 
connection of cat>les 

When testing individual functional units, the neighbouring units should carry the currents 
wttich produce the power loss corresponding to the rated conditions. It is admissible to 
simulate equivalent conditions by means of heaters or heat insulation, If the test cannot be 
performed under actual concStions 

Where there are other main functional components installed within the enclosure they shall 
carry the currents which produce the power loss corresponding to the rated conditions. 
Equivalent procedures to generate the same power dissipation are acceptable. 

The temperature rises of the (Afferent components shall be referred to the ambient air 
temperature outside the enclosure and shall not exceed the values specified for them In the 
relevant standards. If the ambient air temperature is not constant, the surface temperature of 
an identical enclosure may t>e taken under the same ambient conditions. 

e.S.1 Conditions of the insulation-enclosed swttchgear and controlgear to be tested. 

SutKlause 6 5 1 of lEC 60694 is appllcat>le 

$.5.2 Arrangement of the equipment 

Subclause 6 5 2 of lEC 60694 is applicable. 

6.5.3 Measurement of the temperature and the temperature rise 

Subclause 6 5.3 of lEC 60694 is applicable. 

8.3.4 Ambient air temperature 

Subclause 6 5 4 of lEC 60694 is applicable 

5.5.5 Temperature-rise test of the auxiliary and control equipment 

Subclause 6 5 5 of lEC 60694 is applicable 

6.5.6 Interpretation of the temperature-rise test 

Subclause 6 5 6 of lEC 60694 is applicable 

6.6 Short-time withstand current and peait withstand current tests 

Subclause 6 6 of lEC 60694 is applicable, with the following addition: 

a) Test on main circuits 

Main circuits of insulation-endosed switchgear and controlgear shall be tested to verify 
their capability to withsUnd the rated short-time and peak virithstand current under the 
intended conditions of installation and use. i.e they shall be tested as installed in the 
insulabon-endosed switchgear and controlgear with all associated components influencing 
the performance or momying the short-circuit current. 
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For these tests, short connections to auxiliary devices (such as voltage transformers, 
auxiliary transformers, surge arresters, surge capacitors, voltage detection devices and 
similar items) are not considered as parts of the mam circuit 

The short-time withstand current and peak virithstand current tests shall be earned out 
according to the rated number of phases Current transformers and tripping devices that 
may be present shall be installed as in normal service, but with the release made 
inoperative 

Equipment which does not include any current-limiting device may be tested at any 
convenient voltage Equipment which incorporates a current-limiting device shall be tested 
at the rated voltage of the switchgear and controlgear Other test voltages can be used, if 
it can be demonstrated that both the applied peak current and resulting thermal effects are 
equal or higher than those with rated voltage 

For equipment Including current-limiting devices the prospective current (peak, r m s 
value and duration) shall not be less than the rated value 

Self-tripping circuit-breakers, if any, shall be set on their maximum tripping values 

Current-limiting fuses, if any, shall be provided with fuse-links having the maximum rated 
current specified 

After the test, no deformation or damage to components or conductors vwthin the 
enclosure, which may impair good operation of the main circuits, shall have been 
sustained. The insulating properties of the insulation enclosure shall m particular be 
unimpaired It may be possible to detect the presence of cracks in the insulation of 
insulation-embedded components by performing a partial discharge test (refer to 6 2 9) 

b) Tests on earthing circuits 

Earthing conductors, earthing connections and earthing devices of insulation-enclosed 
switchgear and controlgear shall be tested to verify their capability to withstand the rated 
short-time and peak withstand current under the neutral earthing condition of the system 
That is, they shall be tested as installed in the insulation-enclosed switchgear and 
controlgear with all associated components influencing the performance or modifytng the 
short-circuit current. 

The short-time withstand current and peak withstand current tests with earthing devices 
shall be carried out according to the rated number of phases Further single-phase tests 
may be necessary in order to verify the performance of all the circuits that are intended to 
provide the connection between the earthing device and earthing point provided 

When there are removatrte earthing devices, the earthing connection between the fixed 
part and the removable part shall be tested under earth fault conditions The earth fault 
current shall flow between the earthing conductor of the fixed part and the earthing point 
of the removable part. Where the earthing device in the switchgear or controlgear can t>e 
operated in alternative positions to the normal service position, for example, in double 
busbar switchgear and controlgear, a test shall be made in alternative positions 

After the test some deformation and degradation of the earthing conductor, earthing 

connections or earthing devices Is permissible, but the continuity of ttie circuit shall be 

preserved 

Visual inspection should t>e sufficient to check that continuity of the circuit has been 

preserved 

In case of doubt, if certain earth connections are (still) adequate, the earthing shall t>e 

verified testing v^th 30 A (d.c.) to the earthing point provided The voltage drop shall be 

lower than 3 V. 
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«.6. 1 Arrangement of the switchgear and controlgear and of the test circuit 

Subclause 6 6 1 of lEC 60694 is applicat)le, with the following addition: 

The equipment to be tested shall be arranged in such a way that the most onerous conditions 
are obtained concerning the maximum lengths of unsupported busbar{s), configuration of the 
conductors and connections within the equipment. In the case of switchgear and controlgear 
incorporating double busbar systems and/or multi-tier designs, the tests shall be made with 
the most onerous position(s) of the switching device. 

The test connections to the terminals of the switchgear and contrclgear shall be arranged in 
such a way as to avoid unrealistic stressing of, or support to, the terminals. The distance 
t>etween the terminals and the nearest supports of the test conductors on both sides of the 
switchgear and controlgear shall be in accordance with the instructions of the manufacturer 
but taking into account the requirement atsove. 

The switching devices shall be In the closed position and fitted with clean contacts In a new 
condition 

Each test shall be preceded by a no-load operation of the mechanical switching device and, 
w»th the exception of earthing switches, by measurement of the resistance of the main circuit. 

The test arrangement shall be noted in the test report 

6.6.2 Test currant and duration 

Subclause 6 6 2 of lEC 60694 is applicable 

6.6.3 Behaviour of switchgear and controlgear during test 

Subclause 6 6 3 of lEC 60694 Is applicable 

6.6.4 Condition of switchgear and controlgear after test 

Subclause 6 6 4 of lEC 60694 Is applicable 

6.7 Vertfic^lon of the protection 

6.7.1 Veriflcetion of the IP coding 

Subclause 8 7 1 of lEC 60694 is applicable, vwth the following addition: 

The minimum degree of protection of the enclosure of the insulation-enclosed switchgear and 
controlgear shall be IP2X in accordance with lEC 60529 A higher degree of protection may 
be specified in accordance with lEC 60529 « k » 

6.7.2 Mechanlcel impact test 

Subclause 6 7 2 of lEC 60694 is applicable wrth the following adtftion: 

Unless otherwise agreed between manufacturer and user, impacts of 1 J should be applied. 

After the test the enclosure shall show no cracks Superficial damage can be ignored. 
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6.8 Tightness tests 

Subclause 6 8 of lEC 60694 is applicable 

6.9 Electromagnetic compatibility tests (EMC) 

Subclause 6 9 of lEC 60694 Is applicable, with exception of the radio interference voltage test 

6.10 Additional tests on auxiliary and control circuits 
lEC 60694 is applicable for 6 10.1, 6.10.2, 6.10 4 to 6 10.7 

6.10.3 Tests on metallic parts of enclosures and compartments 

lEC 60694 is not applicable 

6.101 Verification of making and breaking capacities 

Switching devices forming part of the main circuit and earthing svMtches of insulation- 
enclosed switchgear and controlgear shall be tested to verify their rated mal(ing and iKeaiung 
capacities according to the relevant standards and under the proper conditions (^ installation 
and use That is, they shall be tested as normally installed In the insulation-enclosed 
switchgear and controlgear with all associated components, the arrangement of which may 
influence the performance, such as connections, supports, provisions for venting, etc These 
tests are not necessary If making and breaking tests have been performed on the switching 
devices Installed in insulation-enclosed switchgear and controlgear with more onerous 
conditions. 

NOTE In determining which associated components are likely to Mluence the pertonnenee. epeclal ■nenlien 
should be given to mechanical forces due to the short circuM. the venting of are proAieta. Mm peeaMNtv •* 
disruptive discharges, etc. It is recognized that, in some cases, such influences may lie quite nugUgU^ 

Where multi-tier compartments of a multi-tier design are not identical tHJt are designed to 
accept the same switching device, the following testsAest-duties shall t>e repeated in each 
compartment as appropriate to the requirements of the relevant standard 

Where switching devices have previously been tested for short-arcwt performance to their 
relevant standard within the enclosure of the insulation-enclosed switchgear and controlgesr 
then no further tests may be required 

Switchgear and controlgear, incorporating single or multi-tier design and/or dout>le busbar 
systems, requires special consideration for the test procedures applicable for the verification 
of their rated making and breaking capacities to cover combinatione likely to be encountered 
in service. 

As it is not possible to cover all possible configurations and designs of switching devices, the 
following procedures shall be followed, the precise combination of tests being determined by' 
the characteristics and location of the particular switching device being considered 

a) The complete appropriate making and breaking current test series shall be made with the 
switching device in one of the compartments If other compartments are similar in design, 
and also the switching device intended for use in the compartment is identical, then the 
tests referred to above are also valid for these compartments 
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t,) Where the compartments are not s,m.lar but are designed to accept the same switchmg 
device the followmg tests/test duties are to be repeated in each of the other 
compartments, as appropriate to the requirements of the relevant standard 
lEC 62271-100 Test duty TIOOs TlOOa, and critical current tests (if any) also taking into 
account the requirements of 6 103 4 of the standard for the test connection arrangement, 
where applicable 

lEC 62271-102 Short-circuit making operations according to class El or E2, as applicable. 
lEC 60265-1 Ten CO operations with rated mainly active load-breaking current {Test 
duty 1) Test duty 5 according to class E1, E2 or E3, as applicable, unless the switch does 
not have a rated short-circuit making capacity 

lEC 62271-105 Test duties TDIjc TDlwmax ^"^ TDI,ra„sfer 

lEC 60470 Verification of coordination with SCPDs to 6.106 of lEC 60470. 

c) Where compartments are designed to accept more than one particular type or design of 
switching device, each variant of switching device shall be fully tested in accordance with 
the requirements of a) and also, where appropriate b) above. 

6.102 Mechanical operation tests 

6.102.1 Switching devices and removable parts 

Switching devices and withdrawable parts shall be operated 50 times, and removable parts 
inserted 25 times and removed 25 times to verify satisfactory operation of the equipment. 

If a withdrawable or removat>le part is Intended to be used as a disconnector, then testing 
shall be m accordance with lEC 62271-102 

6.102.2 Interlocks 

The interlocks shall t>e set in the position intended to prevent the operation of the switching 
devices and the insertion or withdrawal of removable parts Fifty attempts shall be made to 
operate the switching devices and 25 attempts shall t>e made to Insert and 25 attempts to 
withdraw the removable parts During these tests only normal operating forces shall be 
employed and no adjustment shall be made to the switching devices, removatrie parts or 
interlocks In case of manually operated equipment, the normal manual operation handle shall 
be used to perform the tests 

The interlocks are considered satisfactory, if 

a) the switching devices cannot t>e operated; 

b) the insertion and withdrawal of the removable parts are prevented; 

c) the swntching devices, removable parts and the interlocks are in proper working order and 
the effort to operate them Is practically the same before and after the tests. 
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6.103 Pressure withstand test for gas-filled compartments 

6.103.1 Pressure withstand test for gas-filled compartments with pressure relief 
devices 

Each design of gas filled compartment shall be subjected to a pressure test according to the 
following procedure 

- The relative pressure shall be increased In order to reach a value of 1,3 times the design 
pressure of the compartment for a period of 1 mm The pressure relief device shall not 
operate. 

- Then the pressure shall be increased up to a maximum value of 3 times the design 
pressure. It is acceptat)ie that the pressure relief device may operate, as designed by the 
manufacturer, below this value This opening pressure shall be recorded in the type test 
report After the test, the compartment may be distorted, but the compartment shall not 
rupture. 

NOTE Tlie relative withstand pressure of 3 times ttie design pressure may not be tested (or the compartment 
tMcause it is not always possible to test without the presence o( ttte pressure relief device oi a dedicated relief 
area of the compartment wall. 

6.103.2 Pressure withstand test for gas-filled compartments without pressure relief 
devices 

Each design of a gas-filled compartment shall be subjected to a pressure test according to the 
following procedure 

- The relative pressure shall be increased up to 3 times the design pressure of the 
compartment for 1 min. After the test, the compartment may be distorted, but the 
compartment shall not rupture 

6.104 Tests to prove the protection of persons against electric shock 

This clause applies to the insulation enclosure and to partitions (and shutters) intended for 
protection from electric shocit When these partitions contain bushings, tests shall be carried 
out under the appropriate conditions, i e with the primary parts of the bushings disconnected 
and earthed 

The insulation enclosure and non-metallic partitions and shutters, made or partly made of 
insulating material shall be tested as follows 

6.104.1 Dielectric tests 

a) The insulation between live parts of the mam circuit and the accessible surface of the 
insulation enclosure and insulating partitions and shutters shall withstand the test 
voltages specified in 4 2 of lEC 60694 for voltage tests to earth and between poles, for 
the test set up, refer to item a) of 6 2 5 

b) A representative samfMe of the insulating material shall withstand the power-frequency 
test voltage specified in item a) The appropriate test methods given in lEC 60243-1 
should be applied. 

NOTE In the case of moulded conductors, this test i» already covered by teat a) above 

c) The insulation between live parts of the main cucutt and the inner surface of insulating 
partitions and shutters facing these'shall be tested at 150 % of the rated voltage of the 
eauipment for 1 min For the test, the inner surface of the partition or shutter shall be 
earthed by applying a conductive layer of at least 100 cm', at the most onerous point 
The test setup shall be as specified in item c) of 6 2 5 
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d) Comp)ementary tests (for protection grade PB1 only). 

If the requirements of items e) or f) of 5.102.3 are applicable, evidence shall be given of 

the required ability to withstand a povi^er-frequency test-voltage of 150 % of the rated 

voltage for 1 mm 

In the case of a second Insulation layer, trifs layer shall be subjected to a power-frequency 

test voltage of 150 % of the rated voltage fpr 1 mm 

In the case of fluid insulation, this fluid insulation shall be replaced by ambient air. Then 

test c) above shall be repeated with the conductive layer of at least 100 cm^, at the 

applicable points. 

6.104.2 Measurements of leakage currents 

For insulatton-endosed switchgear and controlgear, containing insulating partitions or 
shutters as applicable, the following tests shall be made in order to check compliance with the 
requirements In item d) of 5.102 3 

The main circuit shall, at the discretion of the manufacturer, be connected either to a three- 
phase supply of power-frequency voltage equal to the rated voltage of the Insulation-enclosed 
switchgear and controlgear, with one phase connected to earth, or to a single-phase supply of 
a voltage equal to the rated voltage, the live parts of the main circuit t>eing connected 
together For three-phase tests, three measurements shall t>e made with the different phases 
of the supply successively connected to earth. In the case of single-phase tests, only one 
measurement is necessary 

A metal foil shall t>e placed in the most unfavourable situation for the test on the accessitiie 
surface of the insulation providing the protection against contact with live parts. In case of 
doutJt at>out the most unfavouratHe situation, the test shall be repeated with different 
situations 

The metal foil shall be approximately circular or square, having an area as large as possible 
but not excee<«ng 100 cm^ and shall be connected to the earthing conductor. The leakage 
current flowing through the metal foil to earth shall be measured with the Insulation dry and 
dean 

If the value of the leakage current measured is more than 0,5 mA, the insulation surface does 
not provide the protection required in this standard 

If. as indicated in item d) of 5 102 3, the continuous path over insulating surfaces is broken by 
smalt gaps of gas or liquid, such gaps shall be shorted out electrically If these gaps are 
incorporated to avoid the passage of the leakage current from live parts to accessible parts of 
insulating partitions and shutters, the gaps shall withstand the test voltages specified in 4 2 of 
lEC 00694 for voltage tests to earth and betvraen poles. 

NOTE m* r«<|uir«mMl can by its nature only appty to parts of tha snclosura: H is sssantlal that Ilia ramaindar of 
tm anclosura maats tha Brit raquiramani if tha maasuramanl of laakaga currants is to ba dispansad witli. 

The leakage current shall also t>e measured in conditions representing condensation and light 
pollution on the accessible surfaces of the insulation enclosure after the humidity test 
according to 6 107, if such a test was agreed. 

6.105 Internal arcing test 

Thie test m applicable to insulation-enclosed switchgear and controlgear, intended to be 
qualified as lAC classified with respect to personnel protection in the event of an internal arc 
The teat shaH be performed according to Annex A, in every compartment containing main 
arcuit (Mrte of representative functional units (refer to Clause A 3) 
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Compartments which are protected by type-tested current-limiting fuses shall be tested with 
the fuse type that causes the highest cut-off current (let-through current) The actual duration 
of the current flow will be controlled by the fuses The tested compartment will be designated 
as fuse-protected' The tests shall be performed at the rated maximum voltage of the 
equipment 

NOTE Application of suitable current limiting fuses in combination witti switchmg devices can lnTiit the short-cweuil 
current and minimize the fault duration It is well documented that the arc energy transferred during such tests is 
not predictable by l^t In the case of current limiting fuses, the maximum arc energy may occur at current levels 
t>elow the maximum interrupting rating Further. Itie effects of using current-limiting devices that employ 
pyrotechnic means to commutate current to a current limiting fuse must be considered wt>en evaluating designs 
utilizing such devices 

Any device (for example protection relay) that may automatically trip the circuit before the end 
of the prospective duration of the test shall be madrf inoperative during the test 
If compartments or functional units are equipped with devices intended to limit the duration of 
the arc itself by other means (for example, by transferring the current to a metallic short 
circuit), they shall be made inoperative during the test, unless they are intended to t>e tested 
In that case the compartment of the switchgear and contiolgear may be tested with the device 
operative; but this compartment shall be qualified according to the actual duration of the arc 
The test current shall be maintained for the rated short-circuit duration of the main circuit 

This test covers the case of a fault resulting in an arc occurring in air or in another insulating 
fluid (liquid or gas) within the enclosure or within components having housings which form 
part of the enclosure when the doors and covers are in the position required for normal 
operating conditions (refer to Clause A 1) 

The test procedure also covers the particular case of a fault occurring in aolid insulation 
where this insulation is applied during assembly on site of insulation-enclosed switchgear and 
controlgear and does not comprise prefabricated type-tested insulating parts (refer to A 5 2) 

The validity of the results of a test carried out in a functional unit of a particular insulation- 
enclosed design of switchgear and controlgear can be extended to another one (refer to 6 1). 
provided that the original test was more onerous and the latter can be considered as similar to 
the tested one in the follovinng aspects 

- dimensions, 

- structure and strength of the enclosure: 
partition's architecture, 

- performance of the pressure relief device, if any, 

- insulation system 

6.106 Thermal stability test 

Where the major part of the insulation between conductive parts consists of solid insulation, 
the manufacturer shall provide evidence that the stability of the insulating materials used will 
not be impaired by dielectric stresses and thermal influences 

This evidence can be given on the basis of tests on comparable configurations, on the basis. 
of the properties of the insulating materials (dielectric losses as a function of temperature) or 
by carrying out a thermal stability test on the whole equipment or a representative part of il 

This test IS not necessary if gas or liquids form the major part of the insulation 
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The thermal stability test consists of a 100 h test with a power-frequency voltage of 180 % of 
the rated voltage at the temperature reached during a temperature-rise test according to 6 5 
when the ambient air temperature is 40 °C 

The main circuit shall be energized by an earthed supply, using a three-phase supply with an 
earthed-neutral for three-phase switchgear The earthing conductor and any metal parts 
intended to be earthed shall be connected to earth. 

NOTE Th« l«»t may be carried out leparatoly from the temperature-rise test at the highest temperature rise 
measured during the temperature-rise test, increased by 40 *C 

If no disruptive discharge occurs, the insulation-enclosed switchgear and controlgear shall be 
considered to have passed the test. 

6.107 Humidity test 

The humidity test shall be made if the enclosure is not completely covered by a conductive 
cover/layer 

With conductive cover/layer it is meant that the resistance, measured from any point on the 
enclosure to the earthing point provided, is less than 96 kil to keep the maximum touch 
voltage below 48 V 

The test shall be performed according to Annex C. 

7 Routine tests 

The routine test shall be carried out on each transport unit and, whenever practicable, at the 
manufacturer's works to ensure that the product is in accordance with the equipment on which 
the type test has been carried out 

Refer to Clause 7 of lEC 60694 with the addition of the following routine tests: 

- partial discharge measurement: 7 101 

- mechanical operation tests 7 io2 

- pressure tests of gas-filled compartments (if applicable): 7 103 

- tests of auxiliary electrical, pneumatic and hydraulic devices <if applicable): 7 104 

- testa after erection on site: j ^q^ 

- measurement of fluid conditions after filling on site: 7 106 
J^f to CtoS!.^ ""*^'* '° ^''^ "* "frcharioeability of components of the same rating and construction 

7.1 Dielectric tests on the main circuit 

Subclause 7 1 of lEC 60694 is appl.cable, with the following addition and exception: 

There are two alternative procedures: 

■^ have* 'T!^nt^l^t!!n!''f'" ?,"** ""♦'^'S"^ *" an assembly of components which 

«:eV?or^Vn";rprr:it"e;t;'"' '^"^ ""°''^*"'' ^^ «^^ ^^^^ ^^^^^^^ -^ 
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b) If the insulation-enclosed sw.tchgear and conttolgear is an assembly of component. wMch 
individually have been subjected to appropriate routine tests the tests accordrng to this 
subclause serve in principle to prove the interconnections and the insulation enclosure 

The power-frequency voltage test shall be performed according to the requirementt in 6 2 6 1 
The test voltage specified in Tables 1a and lb, column 2 of lEC 60694 shall be applied 
connecting each phase conductor of the mam circuit in turn to the high-voltage terminal of the 
test supply, with the other phase conductors connected to earth, and the continuity of the 
mam circuit assured (for example, by closing the svmtching devices or otherwise) 

In order to check compliance with the requirement of item a) of 5 103 3 the insulation 
enclosure shall be covered, on the accessible side in the most unfavourable situation tor the 
test, with a metal foil not exceeding 100 cm^ connected to earth 

For gas-filled compartments the tests shall be performed at the rated filling pressure (or 
density) of the insulating gas (refer to4 10 1) 

7.2 Tests on auxiliary and control circuits 

Subclause 7 2 of lEC 60694 is applicable 

7.3 Measurement of the resistance of the main circuit 

lEC 60694 is not applicable. This test is subject to agreement t>etween manufacturer artd user 

The d c voltage drop or resistance of each phase of the mam circuit shall be measured urtder 
conditions as close as possible to those under which the corresponding type test was earned 
out. The measured value of the type test can t>e used to determine the limit of reetstarwe value for 
the routine test. 

7.4 Tightness test 

lEC 60694 is applicable 

7.5 Design and visual checks 

lEC 60694 Is applicable. 

7.101 Partial discharge measurement 

The measurement of partial cSscharges shall be performed to detect possible material and 
manufacturing defects 

Partial discharge measurements shall be In accordance with 6 2 9 

7.102 Mechanical operation tests 

Operation tests are made to ensure that the switching devices and removable parts comply 
with the prescribed operating eonditlons and that the mechanical interloclss work properly 

During these tests which are perfocmed wwthout voltage on or current m the mam circuits, it 
shall be verified, in particular, that the switching devices open and close correctly within the 
specified limits of the supply voltage and pressure of their operating devices 
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Each switching device, and each removable part shall be tested as specified in 6 102, but 
substituting the 50 operations or attempts writh 5 operations or attempts in each direction. 

7.103 Pressure tests of gas-filled compartments 

Pressure tests shall be made on all gas-filled compartments after manufacture. Each 
compartment shall be subjected to a test at 1,3 times the design pressure for 1 min 

This does not apply for sealed compartments vwth a rated filling pressure of 50 kPa (relative 
pressure) and below 

After this test the compartments shall show no signs of distress or any distortion likely to 
affect the operation of the switchgear and controlgear 

7.104 Tests of auxiliary electrical, pneumatic and hydraulic devices 

The electrical, pneumatic and other interlocks together with control devices having a 
predetermined sequence of operation shall be tested five times in succession In the intended 
conditions of use and operation and with the most unfavourable limit values of auxiliary supply 
During the test no adjustment shall be made. 

The tests are considered to be satisfactory if the auxiliary devices have operated properly, if 
they Sie in good operating condition after the tests and if the effort to operate them is 
practically the same before and after the tests. 

7.105 Te«ts after erection on site 

After erection, insulation-enclosed switchgear and controlgear shall be tested to check correct 
operation 

For parts which are assembled on site and for gas-filled compartments which are filled on site 
it IS recommended to carry out the following tests 

a) Voltage test of the mam circuit 

When agreed between manufacturer and user, power-frequency voltage tests in dry 
conditions may be carried out on the main circuits of insulation-enclosed switchgear and 
controlgear after the erection on site in exactly the same manner as specified in 7 1 for the 
routine test at the manufacturer's premises 

The power-frequency test voltage shall be 80 % of the values indicated in 7 1 and shall be 
applied to each phase conductor of the main circuit in succession with the other phase 
conductors earthed For the tests, one terminal of the test transformer shall be connected 
to the earthing system of the insulation-enclosed switchgear and controlgear. 

If the voltage test after erection on site replaces the routine test at the manufacturer's 
premises, the full power-frequency test voltage shall be applied. 

NOTE Ov«rvolt»Q« pfot»clfv« devices should b* disconnected during dielectric site tests This also applies 
tor voltage ffensformen, unless tt>e test rre<|uency used for site test is high enough to prevent core saturation 

b) Tightness tests subclause 7 4 is ap(Nicable. 

c) Measurement of fluid condition after filling on site: subclause 7.106 is applicable 

7.106 Measurement of fluid condition after filling on site 

The condition of the fluid in fluid-filled compartments shall be determined and shall meet the 
manufacturer's specification 
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8 Guide to the selection of insulation-enclosed switchgear and controloear for 
service 

This standard provides for insulation-enclosed switchgear and controlgear which has either 

- protection grade PB throughout for generally accessit>le installations (operating areas), or 

- partly protection grade PA and partly protection grade PB for installations accessit>ie to 
skilled operators only (closed electrical operating areas) 

NOTE For the definitions of 'operating aFea' and 'closed electrical operating area' refer to lEC 00631-1 

Insulation-enclosed switchgear and controlgear may be constructed in various forms that have 
evolved with changing technologies and functional requirements The selection of insulation- 
enclosed switchgear and controlgear essentially involves an identification of the functional 
requirements for the service installation and the form of internal partitioning that t>est meets 
these requirements. 

Such requirements should take account of applicat>le legislation and user safety rules 

Table 8.2 provides a summary of the considerations for specifying switchgear and controlgear 

8.1 Selection of rated values 

For a given duty in service, insulation-enclosed switchgear and controlgear is selected by 
considering the individual rated values of their components required by normal load and fault 
conditions. The rated values of an assemt>ly of switchgear and controlgear may differ from 
those of its component parts 

The rated values should be chosen in accordance with this standard having regard for the 
characteristics of the system as well as its anticipated future development A list of ratings is 
given in Clause 4. 

Other parameters such as local atmospheric and climatic conditions and the use at altitudes 
exceeding 1 000 m should also be considered 

The duty imposed by fault conditions should be determined by calculating the fault currents at 
the place where the insulation-endosed switchgear and controlgear is to be located in the 
system. Reference is made to lEC 60909 in this regard 

8.2 Selection of design and construction 
8.2.1 General 

Insulation-enclosed switchgear and controlgear is normally identified by insulating technology 
(for example, solid material, air- or gas-insulated) and by fixed or withdrawaWe design The 
extent to which individual components should be withdrawable, or removatte, is primarily 
dependent upon the requirement (if any) for maintenance and/or the provisions for testing 

Development of switching devices vwth low maintenance requirement has reduced the need 
for frequent attention to some items sut^ect to arc erosion However, there remains a need for 
accessibility to expendable items, for example, fuses and for occasional inspectujn and 
testing of cables Lubrication and adjustment of mechanical parts may also be required, for 
which reason some designs may make mechanical parts accewible outside the HV 
compartments. 
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The extent to which access may be required for maintenance, and/or whether complete 
switchgear and controlgear shutdowns can be tolerated, may determine a user preference for 
solid material, air or fluid insulation and fixed or withdrawable pattern If maintenance 
demands are infrequent, as is often preferred practice nowadays, then assemblies equipped 
with low maintenance components, may provide a practical solution Fixed pattern assemblies, 
particularly those employing low maintenance components may provide a cost-effective 
through-life arrangement. 

In the case that a main circuit compartment is opened, safe operation of switchgear and 
controlgear requires (irrespective of whether of fixed or withdrawable pattern) that the parts 
on which work is to be carried out should be isolated from all sources of supply and earthed 
Furthermore, the disconnecting devices used to isolate should be secured against re- 
connection 

8.2.2 Architecture and accessibility to compartments 

The forms of internal partitioning defined in this standard attempt to balance such 
requirements as service continuity and maintainability. In this subclause, some guidance is 
given regarding the extent to which the different forms can provide maintainability. 

NOTE 1 Tamporarily insartad partitions, if raquirad to pravant incidental contact with live parts, wtiile performing 
certain maintanarKa procedures, are addressed in 10.4 

NOTE 2 It the user empioys alternative maintenance procedures, for exannple, ttie establishment of safety 
distafKes and/or satting-up and use of temporary barriers, these are outside the scope of this standard 

Complete description of switchgear or controlgear shall include the list and type of compart- 
ments, for example, busbar compartment, circuit-breaker compartment, etc., the type of 
accessibility provided to each, and the pattern (withdrawable/non-withdrawable). 

There are four types of compartment; three are accessible to the user and one non-accessible 

Accessible compartments Three methods of controlling the opening of an accessible 
compartment are defined 

• the first is by use of interlocks to ensure that all live parts inside are dead and earthed 
before opening, designated an "interlock-controlled accessible compartment", 

• the second relies on user procedure and locking to ensure safety, the compartment being 
supplied with facilities for padlocking or equivalent, this is designated a 'procedure-based 
accessible compartment', 

• the third does not provide built-in feature to ensure electrical safety before opening They 
need tools to t>e opened, this is designated a 'tool-based accessible compartment' 

The first two types of accessible compartment mentioned above are available to the user 
and are provided for normal operation and maintenance Corresponding covers and/or 
doors of these two types of accessible compartments do not require tools for opening 

If a compartment requires tools for opening, then this is normally a clear indication that the 
user should take other measures to ensure safety, and possit>ly to ensure performance 
integrity, for example, insulating conditions, etc 
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^n^^'.^!;^TZ^ compartment No user access .s provided and the open.ng may de.t,oy the 

hi rolJrw t T^''''"'"^ ^ ""^ '"'^'"*'°" "°' •« °P«" '* P'°^'^«^ on or by a feature of 
the compartment, for example, a complete mould of solid insulation 

8.2.3 Service continuity of the switchgear and controlgear 

The insulation-enclosure Is intended to provide a level of protection of persons aoamst access 
hazardous parts and protection of the equipment against ingress of solid foreign objects 
With appropriate sensing and auxiliary control devices, it is also possible to provide a level of 
protection against failure of insulation to earth (ground) 

For switchgear and controlgear the loss of service continuity category (LSC) describe the 
extend to which other compartments and/or functional units may remain energized when a 
main circuit compartment is opened. 

Category LSC1: This form is not intended to provide service continuity during maintenance {if 
needed) and may require complete disconnection of the svwtchgear and controlgear from the 
system and malcing dead before accessing the interior of the enclosure 

Category LSC2: This form is intended to allow maximum continuity of service of the network 
during access to the compartments Inside the switchgear and controlgear 

LSC2 has two recognized levels 

LSC2A: When accessing compartments of one functional unit, the other functional units of 
the switchgear and controlgear may be kept in service 

Example LSC2A for withdrawable designs In practical terms, this means that the 
Incoming IHV cables of that functional unit shall be made dead and earthed and the circuit 
shall be disconnected and separated (physically and electrically) from the tMnbars 
Busbars may be kept live The term separation is used here rather than segregation to 
avoid making a distinction at this stage t>etween insulation and metaii>c patttions and 
shutters 

LSC2B: In addition to the above level of service continuity LSC2A, in this category LSC2B the 
incoming HV cables to the functional unit being accessed may be kept energized This means 
that there is another point of disconnection and separation, i e t>etween switching device and 
cables. 

Example LSC2B for withdrawable designs If the main switching device of each 
functional unit of a LSC2B switchgear and controlgear is fitted in its own accessit>le 
compartment, maintenance may be performed on this main switching device without de- 
energizing the corresponding cable connection At a consequence, a minimum of three 
compartments for each functional unit is necessary in this example of LSC2B switchgear 
and controlgear. 

a) For each main sviritching device. 

b) For components connected to one side of a main switching device, for exemple feeder 
circuit. 

c) For component connected to the other side of the main switching device, for examine 
busbars, where more than one set of bu»l»rs is provided, each set being In a separate 
compartment. 
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8.3 Internal arc classification 

When selecting an insulation-enclosed switchgear and controlgear, the possibility of the 
occurrence of internal faults should t>e properly addressed, with the aim to provide an 
acceptable protection level for operators and, where applicable, for the general public. 

This protection is achieved by reducing the risk to a tolerable level. According to ISO/IEC 
Guide 51 . nsk is the combination of the probability of occurrence of a harm and the severity of 
the harm. (Refer to Clause 5 of ISO/IEC Guide 51 on the concept of safety.) 

Therefore, the selection of adequate equipment, in relation to internal arcing, should be 
governed by a procedure to achieve a level of tolerable risk. Such a procedure Is described in 
Clause 6 of ISO/IEC Guide 51 This procedure is based on the assumption that the user has a 
role to play in the risk reduction 

For guidance. Table 8 1 gives a list of locations where experience shows that faults are most 
likely to occur It also gives causes of failure and possible measures to decrease the 
probability of internal faults If necessary, the user should implement those applicable to the 
installation, commissioning, operation and maintenance. 

Other measures may be adopted to provide the highest possible level of protection to persons 
in case of an interna! arc These measures are aimed to limit the external consequences of 
such an event 

The following are some examples of these measures 

Rapid fault clearance times initiated by detectors sensitive to light, pressure or heat or by a 
differential busbar protection 

Application of suitable fuses in combination with svintching devices to limit the let-through 
current and fault duration 

Fast eliminatton of arc by diverting it to metallic short circuit by means of fast sensing and 
(as! closing devices (arc eliminator) 

Remote control 

Pressure-relief device 

Transfer of a vmthdrawable part to or from the service position only when the front door is 
closed 

Subclause 5 102 5 considers the practicality of the shutters becoming part of the enclosure 
when they are closed m positions defined in 3 128 to 3 131 The change of state when moving 
from the position defined in 3 127 to 3 129 (and vice versa) is not tested. 

Failures can occur during the racking-in or racking-out of withdrawable parts Such failures 
are not necessarily due to change of electrical field by the closing of the shutters although 
this is one possibility A more frequent failure is due to damage to or distortion of the 
plugging contacts and/or the shutters such that a flashover to earth is initiated during the 
racking process 

In defining classification lAC, the following points have to be considered: 

- not all switchgear and controlgear 'Will be I AC classified, 

- not all switchgear and controlgear is of withdrawable design, 

' Sned'm'3?27't'oTl2r''°'^'^' " """"^ "^'^ ^ ''°°' ""*""' "" ^ '='°"*'^ '" ^^^ P°^'»*°"« 
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Table 8.1 - Locations, causes and examples of measures 
to decrease the probability of internal faults 



Locations where internal faulu 
are most likely to occur 

(1) 


Possible causes 
of internal faults 

W 


Euiiiples of posslMe 
preventive measures 

(3) 


Cable compartments 


Inadequate design 


Selection of adequate dmensiont 
Use of sppropnals matertats 


Faulty installation 


Avoidance of crossed-cabie connection* 
Checking of workmanship on site Correct 
torque 


Failure of solid or liquid insulation 
(defective or missing) 


Checking of workmanship and^or dietectric 
test on site Reguler checking of liquMI 
levels, where applicable 


Disconnectors 
Switches 
Earthing switches 


Mis-operation 


Interlocks (refer to S 1 1) Delayed 
reopening Independent manual operation 
Making capacity for swttcltes end earthing 
switches Instructions to personnel 


Bolted connections and contacts 


Corrosion 


Use of corrosion inhAiling costing and/or 
greases Use of plabng Encapsulation, 
wtiere possible 


Faulty assembly 


Checking of workmanship by suitable 
means Correct torque Adequate kKkmg 
means 


Instrument transformers 


Ferro-resonance 


Avoidance of ttiese eiectricel mfKience* by 
suitable design of the circuM 


Short circuit on LV side for VT's 


Avoid short circuit l>y proper means e g 
protection cover. LV fuses 


Circuit breakers 


Insufficient maintanance 


Regular programmed maintanance 
Instructions to personnel 


All locations 


Error by personnel 


Limitation of access by coinpeitmonlation 
Insulation embedded hve parts 

Instructions to personnel 


Ageing under electric stresses 


Partial discharge routine tests 


Pollution, moisture ingress of dust, 
vermin, etc. 


Measures to ensure that the specified 
service conditions are achieved (refer to 
Clause 2) Use of gas-filted compartments 


Overvoltages 


Surge protection Adequate insulation co- 
ordination Oielectrtc tests on site 



As a guide for the selection of the adequate switchgear and controlgear wtth respect to 
internal arcs, the followinfl criteria may be used 

• Where the risk is considered negligible Insulation-enclosed switchgear and controlgear 
which is lAC classified is not necessary 

• Where the risk is considered to be relevant Only insulation-enclosed switchgear and 
controlgear which are lAC classified should be used 
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For the second case, the selection should be made by taking into account the foreseeable 
maximum level of current and duration of the fault, m comparison with the rated values of the 
tested equipment In addition, the installation instructions of the manufacturer should be 
followed (refer to Clause 10) In particular the location of personnel during an Internal arc 
event IS important The manufacturer should indicate which sides of the switchgear and 
controlgear are accessible, according to the testing arrangement and the user should follow 
the instruction carefully Allowing personnel to enter an area not designated as accessible 
may lead to personnel injury 

Classification lAC gives a tested level of protection of persons under nofmal operating 
conditions as defined in Clause A 1 It is concerned with personnel protection under these 
conditions, it is not concerned with personnel protection under maintenance conditions nor 
with service continuity 

Table 8.2 - Summary of technical requirements, ratings and optional tests 
for insulation-enclosed switchgear 



Information 


Subclause of 
this standard 


User to indicate requirement 
as appropriate 


Particulars o( system (rrot equipment ratir>g) 






Voltag* kV 






Frequency Hz 






NumlMr of phases 






Type of neutral earthing 












Switchgear characteristics 






Numbar of poles 






Class - indoor (or special service 
conditions) 


2 




Name of compartment - 

Busbar 

Mam device 

Cable 

CT 

VT 

(etc ) 


3 107 (refer to 
5 103 1) 


Busbar comp = 
Mam device comp = 
Cable comp = 
CT comp = 
VT comp.= 
Cablc/CT comp = 
Mam device'CT • 
Other comp (state)== 


Type of compartment (specify type for each 
HV compartment) if applicable ■ 

imetlock controlled access compartment 

procedure-based accass compartment 

tool-based access compartment 

rton-accassib<a compartment 


3 107 1 
3 107 2 
3 107 3 
3 107 4 








Withdrawable 'non-withdrawable (mam 
device type) 


3 125 


(withdrawable/non-withdrawable) = 
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Information 


Subclause of 
this standard 


User to indicate iequi(*m>nt • 
as ipptopiiale i 


Loss of service continuity category (LSC) 
LSC2B 
LSC2A 
LSC1 


3131 1 
3 131 1 
3 131 2 




Rated voltage c, 

3.6 kV; 7,2 kV; 12 kV: 17,5 kV; 24 kV 36 
kV; etc 

and number of phases 1 2 or 3 


4 1 




Rated insulation level- 
short-duration power-frequency withstand 
voltage Ua 

lightning impulse withstand voltage 6,, 


42 


(Common value'Acrost the isolating distance) 

a) / 

b) / 


Rated frequency /^ 


43 




Rated normal current /, 

Incomer- 

Busbar 

Feedei 


44 


») 
b) 
c) 


Rated short-time withstand current /„ 
Main circuit (incomer/busbar/feeder) 
Earth circuit 


45 


a) 
b) 


Rated peak withstand currant /p 
Main circuit (incomer/busbar/faeder) 
Earth circuit 


46 


•) 
b) 


Rated duration of short circuit if, 
Main circuit (incomer/busbar/feeder) 
Earth circuit 


4 7 


e) 
b) 


Rated supply voltage of closing and 
opening devices and auxiliary and control 
circuits 0', 

a) Closing and tripping 

b) Indication 

c) Control 


48 


a) 
b) 
c) 


Rated supply frequency of closing and 
opening and of auxiliary circuits 


49 




Low- and high-pressure Interlocking and 
monitoring devices (state requirements, for 
example, lockout on low-pressure indication, 
etc.) 


59 




Interloeking devices 
(state any additional requirements to 5.11) 


511 
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Informadon 


Subclause of 
this standard 


User to indicate requirement 
as appropriate 


0«gr»«t of ptolactJon by anclosuras 
(if not IP2X) - 

With doors closed 
With doors opon 


5 t3(saa5 102 1 
and 5 102 3) 


a) 
b) 


Anrficul polhition lasts 


628 


Additional condensation and pollution 
requirements- 


Oioloctric lasts on cabia tasting circuits 


6 2 101 


Agree with manufacturer the test values 


Partial discharga maasuramant 


7 101 




Intamal fault lAC 

Typas of accassibility to 
switchgaar/controlgoar (for A and 8. specify 
for tha sida(s) that thay ara required) 

A: restricted to authorized personnel only 

B urwestricted accessibility (includes 
public) 

C accessibility restricted by installation 
out of reech 

Ctassification test value in kA and 
duration in s 


6 106 
Annex A. A 2 

See also 
examples in AS 

Annex A, A 3 


Y/N 

F for front side 

L for lateral side - 

R for rear side = 


Additwrtal information 

for exampte. special requirements for cable testing 



9 Information to be given with enquiries, tenders and orders 

9.101 Information to b« given with enquiries and orders 

When enquiring about or ordering an installation of Insulation-enclosed switchgear and 
controlgear the following information should be supplied by the enquirer. 

1 Particulars of the system 

Nominal and highest voltage, frequency, type of system neutral earthing 

2 Service conditions if different from standard (refer to Clause 2) 

Minimum and maximum ambient air temperature, any condition deviating from the normal 
service conditions or affecting the satisfactory operation of the equipment, such as, for 
example, unusual exposure to vapour, moisture, fumes, explosive gases, excessive dust 
or salt, thermal radiation, for example, solar, the risk of earth tremors or other vibrations 
due to causes external to the equipment to be delivered 

3 Particulars of the installation and its components 

a) protection grade PA or PB to be provided by the insulation enclosure, 

b) number of phases. 

c) number of busbars, as shown in the single-line diagram, 

d) rated voltage, 

e) rated frequency, 
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f) rated insulation level: 

g) rated normal currents of busbars and feeder circuits, 
h) rated short-time withstand current (/k), 

i) rated duration of short circuit (if different from 1 s). 

j) rated peak withstand current (if different from 2,5 /k), 

k) rated values of components, 

I) degree of protection for the insulation enclosure and partitions. 

m) circuit diagrams, 

n) type of insulation-enclosed switchgear and controlgear (LSCI or LSC2), 

0) description by name and category of the various compartments, if required. 

p) classification lAC, if required, with corresponding /k. /p, / and FLR, ABC. as applicabte 

4 Particulars of the operating devices: 

a) type of operating devices; 

b) rated supply voltage (if any): 

c) rated supply frequency (if any) 

d) rated supply pressure (If any); 

e) special interlocking requirements 

Beyond these items the enquirer should indicate every condition which might influence the 
tender or the order, such as, for example, special mounting or erection conditions, the 
location of the external high-voltage connections, the rules for pressure vessels, requirements 
for cable testing. 

Information should be supplied if special type tests are required 

9.102 Information to be given with tenders 

The following information, if applicable, should be given by the manufacturer with descnj^ive 
material and drawings. 

1 Rated values and characteristics as enumerated in item 3 of 9 101 

2 Type test certificates or reports on request. 

3 Constructional features, for example: 

a) mass of the heaviest transport unit; 

b) overall dimensions of the installation; 

c) arrangement of the external connections, 

d) facilities for transport and mounting; 

e) mounting provisions; 

description by name and category of the various compartments, 

g) accessitjie sides; 

h) instructions for operation and maintenance; 

i) type of gas-pressure or liquid-pressure system; 

i) rated filling level and minimum functional level; 

k) volume of liquid or mass of gas or liquid for the different compartments. 

1) specification of gas or liquid condition. 
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4 Particulars of the operating devices 

a; types and rated values as enumerated In item 4 of 9 101; 

b) current or power for operation, 

c) operating times, 

d) quantity of free gas for operation 

5 List of recommended spare parts which should be procured by the user 
10 Rules for transport, storage, erection and maintenance 

Refer to Clause 10 of lEC 60694 

10.1 Conditions during transport, storage and erection 

Refer to 10 1 of lEC 60694 

10.2 Installation 

Refer to 10 2 of I EC 60694 with the addition of a new paragraph after the first paragraph of 

102 3 

In case of classification lAC switchgear and controlgear, guidance on safe installation 
conditions for the case of an internal arc shall be provided as well The hazards of the actual 
installation condition shall be assessed with respect to installation conditions of the test 
specimen during the internal arcing test (refer to Clause A 3). These conditions are 
considered as minimum permissiljle conditions Any installation condition less stringent and/or 
providing more room is considered to be covered by the test 

However, if the purchaser (user) considers that the risk is not relevant, the switchgear and 

controlgear can be installed without the restrictions indicated by the manufacturer 

10.3 Operation 

Refer to 10 3 of lEC 60694 

10 4 Maintenance 

Refer to 10 4 of lEC 60694 with the following addition: 

If temporarily inserted partitions are required, while performing certain maintenance procedures, 
to prevent accidental contact with live parts, then 

• the manufacturer shall offer to supply the required partitions or their design; 

• the manufacturer shall give advice direction as to the maintenance procedure and the 

partitions use. 

• when installed according to the manufacturers instructions, the requirements IP-2X 
{according to lEC 60529) shall be met. 

• such partitions shall meet the requirement of 5 103 3; 

• the partitions and their supports shall have sufficient mechanical strength to avoid 
incidental contact of live parts 

NOTE Partitions »n<S supports provided for m•cl^anical protection only arc not subiact to this standard. 

After a short-circuit event in service, the earthing circuit should be examined for potential 
damage and replaced in whole or m part if needed 
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11 Safety 

Refer to Clause 1 1 of lEC 60694 with the following addition 

11.101 Procedures 

Suitable procedures should be put in place by the user to ensure that a piocedute-based 
access compartment may be opened only when the part of the mam circuit contained m th<? 
compartment being made accessible Is dead and earthed, or in the withdrawn 'position with 
corresponding shutters closed Procedures may be dictated by legislation of the country of 
Installation or by user safety documentation 

11.102 Internal arc aspects 

As far as the protection of persons is concerned, the correct performance of the insulation 
enclosed switchgear and controlgear in case of an Internal arc is not only a mattei of design 
of the equipment itself, but also of the installation conditions and operating procedure for 
instance, see 8.3. 

Arcing due to an infernal fault in the metal-enclosed switchgear and controlgeai may cause 
overpressure within the switchgear room This effect is not within the scope of this standard 
but it should be taken into consideration when designing the installation 

12 Influence of the product on the environment 

The manufacturer shall be prepared to provide the following relevant information about the 
environmental impact of the switchgear 

When fluids are used in switchgear and controlgear, instructions shall be provided m order to 

- minimize the leakage rate, 

- control the handling of the new and used fluids; 

- indicate the possibility to recycle 

The manufacturer shall give guidance, concerning rtsassemWy and end-of-life procedures for 
the different materials of the equipment and disposal 
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Annex A 

(normative) 

Internal fault - Method for testing the insulation-enclosed switchgear 
and controigear under conditions of arcing due to an internal fault 



A.1 Introduction 

This annex applies to insulation-enclosed switchgear and controigear of lAC classification 
This classification is intended to offer a tested level of protection to persons in the vicinity of 
the equipment in normal operating conditions and with the svintchgear and controigear in 
normal service position, in the event of internal arc. 

For the purpose of this annex, normal operating conditions means the conditions of insulation- 
enclosed switchgear and controigear required to carry out operations such as opening or 
closing HV switching devices, connecting and disconnecting withdrawable parts, reading of 
measuring instruments and monitoring equipment, etc Therefore, if, to perform any of such 
operations, any cover has to be removed and/or any door has to be opened, the test 
described below shall be carried out with the cover and/or door removed. 

Removing or replacing active components (for example, HV fuses or any other removable 
component) are not considered to be normal operations, neither those required to carry out 
maintenance work 

Internal faults inside insulation-enclosed switchgear and controigear can occur in a number of 
locations and can cause various physical phenomena For example, the arc energy resulting 
from an arc developed in any insulating fluid within the enclosure will cause an internal 
overpressure and local overheating which will result in mechanical and thermal stressing of 
the equipment Moreover, the materials involved may produce hot decomposition products, 
either gaseous or vaporous, which may t>e discharged to the outside of the enclosure. 

The internal arc lAC classification makes allowance for internal overpressure acting on covers, 
doors, inspection windows, ventilation openings, etc It also takes Into consideration the 
thermal effects of arc or its roots on the enclosure and of ejected hot gases and glowing 
particles, but not damage to internal partition and shutters not being accessible in normal 
operating conditions 

NOTE lnflu«nc«» or intamai arc b«tw*«n compartments art not yat covered by this standard 

The internal arc test described below is intended to verify the effectiveness of the design in 
the protection of persons in case of an internal arc It does not cover all effects which may 
constitute a hazard, such as the presence of gases with potential toxic characteristics that 
may be present after the fault From this point of view, immediate evacuation and further 
ventilation of the switchgear room, before re-entering the site, is required 

Hazard of propagation of fire after an internal arc to combustible materials or equipment 
placed in the proximity of the insulation-enclosed svwtchgear and controigear is not covered 
by this test 
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A.2 Types of accessibility 

A distinction is made between two tvoes of arrM<ihiii»^ .- «.. , . 

and controlgear which are PossiWeSe^ite onn"r.2^..o"^^ .n.u,.t.on-enc.o..d .w,tchfl.., 

Accessibility Type A: restricted to authorised personnel only 

Accessibility Type B: unrestricted accessibility, including that of the general puW.c 

fn aluse A.3^ *° *^*^* ^° ^^'^ °' accessibility, two different test cond.ton, are described 

The insulation-enclosed switchgear and controlgear may have different types of accessibility 
on the various sides of its enclosure. v.«.,u.Miy 

For identification purposes of the different sides of the enclosure (refer to Clauses A 7 and 
A.8) the following code shall be used: 

F for front side; 
L for lateral side; 
R for rear side 

The front side shall be clearly stated by the manufacturer 

A.3 Test arrangements 
A.3.1 General 

The following points shall be observed: 

• The test specimen shall be fully equipped Mock-ups of internal components are permitted 
provided they have the same volume and external material as the original items, and they 
do not affect the main and earthing circuits 

• Each compartment of a functional unit, containing a main circuit component, shall tx 
tested. This does not apply to compartments where the mam component is individually 
embedded In solid insulating material (refer to 5 103 1) In the case of switchgear and 
controlgear consisting of extensible (modular) stand-alone units, the test speamen shall 
consist of two units connected together as in service Testing shall t>e made at least in all 
compartments of the end of the switchgear and controlgear adjacent to the indicators 
However, if there is a substantial difference (to be declared t>y the manufacturer) m 
strength between the joining sides of adjacent units and the side forming the end o> a 
switchgear and controlgear, three units shall be used and the test of the different 
compartments repeated in the central unit 

NOTE 1 A stand-alon* unit is an asstmbly that may contain within a singi* common anctosura on* or mora 
functional units in horizontal or vsitical arrangamant (ttar) 

• When the test specimen is earthed, it shall be at the point provided 

• Tests shall be carried out on compartments not previously subjected to arcing, or. if 
subjected, being in a condition which does not affect the result of the test 

• In the case of fluid-filled compartments (other than SF8). the test shall be made with the 
original fluid at its rated filling conditions (±10 %) It is permitted to replace SF6 with air at 
the rated filling conditions (±10 %) 

NOTE 2 If the fast is carriad out »»ith air instead o» SF8. the pressure rise w<U be drffetent artd care should t>e 
exercised in the interpretation of the test results 



Si 



IS/IEC 62271-201 : 2006 

A.3.2 Room simulation 

The room shall be represented by a floor, ceiling and two walls perpendicular to each other. 
Where appropriate simulated cable access ways and/or exhaust ducts shall also be built. 

Ceiling: 

Unless the manufacturer states a larger minimum clearance, the ceiling shall be located at a 
distance of 600 mm ± 100 mm from the upper part of the test specimen However, the ceiling 
shall be located at a distance of 2 m, from the floor as a minimum This provision is applicable 
when testing specimens of less than 1,5 m high 

The manufacturer may carry out an additional test with lower clearances tc the ceiling in order 
to assess criteria for installation conditions. 

Lateral wall: 

The lateral wall shall be placed at 100 mm ± 30 mm from the lateral side of the test specimen. 
A lower clearance can be chosen provided that it can be demonstrated that any permanent 
deformation of the lateral side of the test specimen is not interfered with or limited by the wall. 

The manufacturer may carry out an additional test with higher clearances to the lateral wall, in 
order to assess criteria for installation conditions 

Rear wall: 

The rear wall shall be placed as follows depending on the type of accessibility: 

• Non-accesslbl* rear side: 

Unless the manufacturer states a larger minimum clearance, the wall shall allow a 
clearance to the rear of the test specimen of 100 mm ± 30 mm. A lower clearance can be 
chosen provided that it can be demonstrated that any permanent deformation of the rear 
Bide of the test specimen is not interfered with or limited by the wall 

This test arrangement is deemed valid for an installation mounted closer to the wall than 
the test arrangement, provided that two additional conditions are met (refer to Clause A. 6, 
Criterion no 1) 

If these corKbtions cannot be demonstrated, or the manufacturer requires direct 
qualification of a wail-mounted design, a specific test without clearance to the rear wall 
shall t>e earned out However, the validity of such a test shall not be extended to any other 
installation condition 

When the test is carried out at any larger clearance to the rear wall, as stated by the 
manufacturer, this clearance shall be declared as a minimum admissible for the 
installation instructions The instructions shall also include guidance on the obligation to 
adopt measures preventing persons to enter that area. 

• AccesslMtt rear side: 

The rear wall shall leave a standard clearance of 800.^i(£ mm from the rear side of the 
test specimen 

An additional test may b* performed with lower clearances to prove the capatMlity of the 
switchgear and controlgaar to operate correctty when reduced room is avallabie (for 
example, to justify the Irataltation dose to a w«ti. In a no rear-accessibility arrangement). 
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When the test is carried out at any larger clearance to the rear wall, at stated by the 
manufacturer, this clearance shall be declared as a mirumum admissibie for the 
installation instructions. The instructions shall also include guidance on the obhgation to 
adopt measures preventing persons to enter that area 

Special case, use of exhausting ducts: 

If the manufacturer claims that the design requires that cable access way and/or any other 
exhausting duct needs to be used to evacuate gases generated during the internal arc. 
their minimum cross-section dimensions, location and output features (flaps or grid, with 
their characteristics) shall be stated by the manufacturer The test shall t>e carried out with 
simulation of such exhausting ducts. The output end of the exhausting ducts shall t>e at 
least 2 m away from the switchgear and controlgear tested. 

NOTE The possible effects of hot gases outside of the room containing the suritdtgear and controlgear are 
not covered by this standard. 

A.3.3 Indicators (for assessing the thermal effects of the gases) 
A.3.3.1 General 

Indicators are pieces of black cotton cloth so arranged that their cut edges do not point 
toward the test specimen. 

Black cretonne (cotton fabric approximately 150 g/m^) or black cotton-interlining lawn 
(approximately 40 g/m^) shall be used for indicators, depending on the accessibility eon<*tion 

Care shall be taken to see that the vertical indicators can not ignite each other This is 
achieved by fitting them in a frame of steel sheet, with a depth of 2 x 30 .§ mm, refer to 
Figure A.1. 

With the horizontal indicators, care shall be taken that glovflng particles do not accumulate 
This is achieved if the indicators are mounted without frame, refer to Figure A 2 

The indicator dimensions shall be 150 mm « 150 mm (*'3 """) 

A.3.3.2 Arrangement of indicators 

Indicators shall be placed at each accessible side, on a mounting rack, at distances 
depending on the type of accessibility 

The length of the mounting rack shall be '^/S'^^''"" »»^S,?S ''^^'^^Va^^^'.^^ 

the possibility of hot gases escaping at -8'-,°' "^ ° ,f, ^7,1 t^ TooTmTo^erT.n' h" 

means that the mounting frame on ea^ ^^^ ^, acces'sibil.ty type 

A Vol'SaUr^hVn' "r^.l^Te Lngement of the room s.mu.«ion doe. not 

limit this extension. 

NOTE in all cases th. di«.nc from the "^^^ ':r^r^„*:^::r:S^'t::^:!^^^^^ 
from the surface of the erKtesure. <ii«*9*'*'VJ^\;;;^*^'^^^'^^^ u>ouU be pteced^ «»Hi»el. 

so on). If the surface of the switchgear '^^'^'*;^^;'^'t^''i^*^^ "' ^ '^'"^'^^ •* "^ '*^' 
as realistically as possible the positwn ttat a P«f»o" "•'' "»"""* ""^ 
indicated distance, according to the type of aecesstowy 
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a) Accessfbitity type A (authorized personnel) 

Black cretonne (cotton fabric approximately 150 g/m^) shall be used for the Indicators 
Indicators shall be fitted vertically at all accessible sides of the insulation-enclosed 
switchgear and controlgear up to a height of 2 m evenly distributed, arranged in a 
checkerboard pattern, covering 40 % to 50 % of the area (refer to Figures A3 and A. 4) 

The distance from the indicators to the switchgear and controlgear shall be 300 mm ± 15 
mm 

Indicators shall also be arranged horizontally at a height of 2 m above the floor as 
described in Figures A3 and A 4 and covering the whole area between 300 mm and 
800 mm from the insulation-enclosed switchgear and controlgear When the ceiling is 
placed at a height of 2 m above the floor (refer to A 3.2a)) no horizontal indicators are 
required The indicators shall be evenly distributed, arranged in a checkerboard pattern, 
covering 40 % to 50 % of the area (refer to Figures A3 and A 4) 

b) Accessibility type B (general public) 

Black cotton-interlining lawn (approximately 40 g/m^) shall be used for indicators 

Indicators shall be fitted vertically at all accessible sides for the insulation enclosed 
sv^tchgear and controlgear up to 2 m at>ove the floor. If the actual height of the specimen 
Is lower than 1,9 m, vertical Indicators shall be fitted up to a height 100 mm higher than 
the test specimen 

The indcators shall be evenly distributed, arranged in a checkerboard pattern, covering 40 
% to 50 % of the area (refer to Figures A3 and AS) 

The distance from the indicators to the switchgear and controlgear shall be 100 mm t 
5 mm 

Indicators shall also t>e arranged horizontally at a height above the floor, as described in 
Figure A 5, and covering the whole area between 100 mm and 800 mm from the 
insulation-enclosed switchgear and controlgear If the test specimen is lower than 2 m, 
indicators shall be placed direct on the top covers as for accessible sides, at a distance of 
100 mm 1 5 mm (refer to Figure A 6) They shall be evenly distributed, arranged in a 
checkerboard pattern, covenng 40 % to 50 % of the area (refer to Figures A 5 and A 6) 

c) Special accessibility condition 

Black cotton-interlining lawn (approximately 40 g/m^) shall be used for indicators 

Where normal operation requires persons to stand or walk upon the equipment, horizontal 
indicators shall be placed above the upper accessible surface, as described in Figure A 6, 
whatever the height of the switchgear and controlgear 

A.4 Current and vottagt applied 

A. 4.1 General 

The tests on insulation-enclosed switchgear and controlgear shall be carried out three-phase 
(for three-phase systems) The short-circuit current applied during the test corresponds to the 
rated short-hme withstand current It may t>e lower, if specified by the manufacturer 

A test performed at a given voltage, current and duration is generally valid for all lower values 
of current, voltage and duration 

NOTE Lowtt currant (aval may (nfluanea »a bahavkxir of tha prassura-raHaf davicas and tha burn-through 
parformanea For lewar thort-circuil currant laval ttian laatad. cara should ba lakan in tha tntarpratation of tha 
taauMs 
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A.4.2 Voltage 

The applied voltage of the test circuit should be equal to the rated voltage of the 
rnsulation-enclosed svintchgear and controlgear If the capability of the test plant does not 
permit this, a lower voltage may be chosen provided the following conditions are met for the 
duration of the test: 

a) the true r.m.s. current value as computed by a digital recording device complies with 
current requirements of A 4.3, 

b) the arc Is not extinguished prematurely in any of the phases in which it has been initiated 

A.4.3 Current 

A.4.3.1 AC component 

The short-circuit current for which the insulation-enclosed switchgear and controlgear is 
specified with respect to arcing shall be set vtrithin a '^3 ^ tolerance If the ap^Mied voltage is 
equal to the rated voltage, this tolerance applies to the prospective current 

The current should remain constant If the capability of the test plant does not permit this, the 
test shaH be extended until the Integral of the a c component of the current equals the value 

specified within a tolerance of *^q % In this case, the current shall t)e equal to the specified 
value at least during the first three half-cycles and shall not be less than 50 % of the specified 
value at the end of the test. 

A.4.3.2 Peak current 

The instant of closing shall be chosen so that the prospective value of the peak current, with a 
tolerance of ^o*-*. flowing in one of the outer poles is 2,5 times (for frequencies up to 50 Hz) 
or 2,6 times (for 60 Hz) the r m.s value of the a c component defined in A 4 3 1, and so that 
a major loop also occurs in the other outer pole If the voltage is lower than the rated voltage 
the peak value of the short-circuit current for the insulation-enclosed switchgear and 
controlgear under test shall not drop below 90 % of the rated peak value 

NOTE 1 For otti«r, hiflh^f, d.c tim« con»t«nf» of ttw f«««iog notwork. ■ unifonn valuo o« 2,7 timot «»• r m • valu* 

of th« a.e. component should b* UMd as a ratad valua for both 50 Hi and 60 Hi apptocations 

NOTE 2 Tha major loop in tha othar outar pola aanaralty has a lowar paak valua than tha sta»d »ahj«s a«>ova 

In case of two-phase initiating of the arc the instant of closing shall be chosen to provide the 
maximum possible d.c. component. 

A.4.4 Frequency 

At a rated frequency of 50 Hz or 60 Hz, the frequency at the beginning of the test shell be 
between 48 Hz and 62 Hz At other frequencies it shall not deviate from the rated value by 
more than ±10 % 

Where the operation of fast-acting protecCve devices is dependent on the frequency, the test 
shall be performed with the rated frequency of these devices ±10 % 

A.4.S Duration of the test 

The test duration shall be stated by the manufacturer Standard recommended values are 1 s. 
0,5 s and 0,1 s. 
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NOTE It i». in ganaral. no« p«tsib4« to calculat* fh« parmtsubie arc duration (or a current which differs from that 
used in the test The maximum pressure dufit»g the test will generally not decrease with a shorter arcing time and 
there is no universal rule according to which the permissible arc duration may be increased with a lower test 
current 

A. 5 Test procedure 

A.5.1 Supply circuit 

If applicable, the supply circuit shall be three-phase, except for tests on switchgear and 
controlgear with segregated phases, if no mutual Influence between the segregated phase 
compartments is likely. The neutral point of the supply circuit may be either Isolated or 
earthed through an impedance, in such a way that the maximum earth current is less than 
100 A In this situation, the arrangement covers all situations of neutral treatment. 

NOTE 1 Internal arc fauKs with a directly grounded neutral are less severe. 

When the test is made on part of the switchgear and controlgear where phases are 
segregated, the supply circuit shall be single-phase, one of the terminals earthed The test 
current shall be equal to the three-phase value stated in A.4.3 1. 

Care shall be talcen In order that the connections do not alter the test conditions 

The feeding cUrection shall be as follows: 

• for a cable compartment: supply from the busbar, through the main svwtching device; 

• for a busbar compartment the supply connections shall not introduce any opening in the 
compartment under test Supply shall be made through one barrier, if barriers are fitted to 
create separated busbar compartments between functional units, or through the main 
switching device located at one end of the switchgear and controlgear, if the busbar 
compartment is common for the whole svwtchgear and controlgear; 

NOTE 2 In case of non-symmetrical designs of a busbar compartment, the most onerous internal arc initiation 
shouM be considered, with respect to arc energy and burn-through. 

• for the main switching device compartment: supply from the busbar with the device in the 
closed position, 

• for a compartment vmth several mam circuit components inside supply through one 
available set of incoming bushings, vwth all svwtching devices in the closed position 
except for earthing switches, if any. which shall be in the open position 

A.5.2 Arc initiation 

The arc shall be initiated between all the phases by means of a metal wire of about 5 mm 
diameter or, in the case of segregated phase conductors, between one phase and earth ' 

l":cZtnZ%Tj"Z'' '""*•' '^ ''' '""'''' '"-»*"« '-'"« '-- «^« -PP'V Within 

In functional units where the live parts are covered by solid insulating material the arc shall 

.Tt'hTcl« ?ftre2:ref rr SnTr "> 1^"'"» '^^^^ °^ «^ % oTJht 'rated cur «„» «; 
IJcatfons "^'•*"*'* **"* conductors, between one phase and earth at the following 
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a) at gaps or joining surfaces between the insulation of insulatron-embedded parti. 

b) by perforation at insulated joints made on site when prefabricated mtuiating parts are not 
used. 

Except for case b), solid insulation shall not be perforated The supply circuit shall be three- 
phase to allow the fault to become three-phase (if applicable) 

A.5.2.1 Cable compartments with plug-in or site-made solid insulation connections 

For cable compartments in which connections are always made with plug-in connectors, 
screened or not, or site-made solid insulation, the two phases under test shall be fitted with 
plugs without insulation. The third phase shall be provided with a plug-in connector as can be 
used in service, able to be energized 

NOTE Experience shows that the fault generally does not evolve towards a three-phase fauK. ttieretete. the 
choice of the fitting for the third phase is not critical 

In all these cases of phase-to-phase fault, the test current shall be the phase-to-phase fault 
current of the three-phase supply circuit defined according to A 4 3 That means the actual 
current value, unless the fault evolves towards a three-phase fault, is reduced to 
approximately 0,87 times the specified internal arc vmthstand current 

In solidly earthed networks (non-tloating neutral), or m networks with earth-fault protection, 
the single phase-to-earth short-circuit current, which is generally lower than the possit>le 
two-phase fault current, will be switched off rapidly For switchgear and controlgear only 
intended for this restricted use, it is acceptat>le to test accordingly, instead of the two-phase 
test described above. The arc will then be ignited as single phase to ground, provided that the 
other phases are energized to allow the arc to become three-phase As the speafied internal 
arc withstand current, the tested single-phase value applies 

A.6 Acceptance criteria 

Insulation-enclosed switchgear and controlgear is qualified as classification lAC (according to 
the relevant accessibility type) if the following criteria are met 

Criterion No. 1 

Correctly secured doors and covers do not open Deformations are accepted, provided that no 
part comes as far as the position of the indicators or the walls (whichever is the closest) 
in every side The switchgear and controlgear does not need to comply with its IP code after 
the test 

To extend the acceptance criterion to an installation mounted closer to the wall than tested 
(refer to A 3.2a)), two additional conditions shall be met 

. the permanent deformation is less than the intended distance to the wall. 
• exhausting gases are not directed to the wall 

Criterion No. 2 

. No fragmentation of the enclosure occurs within the time specified for the test 
. Projections of small parts, up to » individual mass of 60 g. are accepted 
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Criterion No. 3 

Arcing does not cause holes in the accessible sides up to a height of 2 m. 

Criterion No. 4 

Indicators do not ignite due to the effect of hot gases. 

Should they start to burn during the test, the assessment criterion may be regarded as having 
been met, if proof is established of the fact that the ignition was caused by glowing particles 
rather than hot gases Pictures taken by high-speed cameras, video or any other suitable 
means can be used by the test laboratory to establish evidence. 

Indicators ignited as a result of paint or stickers burning are also excluded. 

Criterion No. 5 

The enclosure remains connected to its earthing point. Visual inspection is generally sufficient 
to assess compliance. In case of doubt, the continuity of the earthing connection shall be 
checked, refer to 6 6b) 

A.7 Test report 

The following information shall be given in the test report: 

- Rating and description of the test unit with a drawing showing the main dimensions, 
details relevant to the mechanical strength, the arrangement of the pressure-relief flaps 
and the method of fixing the insulation-enclosed switchgear and controlgear to the floor 
and/or to the watts 

- Arrangement of the test connections 

- Point and method of initiation of the Internal fault 

- Oravyings of test arrangement (room simulation, test specimen and mounting frame of 
indicators) vwth respect to the type of accessibility (A or B), side (F, L or R) and 
installation conditions 

- Applied voltage and frequency 

- For the prospective or test current 

a) r m s value of the a c component during the first three half-cycles, 

b) highest peak value. 

c) average value of the a c component over the actual duration of the test; 

d) test duration 

- Oscillogram(s) showing currents and voltages 

- Assessment of the test results, including a record of the observations in accordance with 
Clause A 6 

- Photographs of the object under test, before and after test. 

- Other relevant remarks 
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A.8 Designation of lAC classification 



In the case where the lAC classification is proven by the tests, according to 6 106 the 
Insulation enclosed switchgear and controlgear will be designated as follows 

- General: classification lAC (initials of internal arc classified) 

- Accessibility: A or B (according to Clause A 2) 

- Test values: test current in kA, and duration in seconds 

This designation shall be included in the nameplate (refer to 5 10) 

Example 1: an insulation-enclosed switchgear and controlgear tested for a fault current 
(r.m.s.) of 12,5 kA, for 0,5 s, intended to l>e installed in a site of public accessibility and tested 
v^th indicators placed in the front, lateral and rear sides, is designated as follows 

Classification lAC BFLR 

Internal arc: 12,5 kA 0,5 s 

Example 2: an insulation-enclosed switchgear and controlgear tested for a fault current 
(r m s.) of 16 kA, for 1 s, Intended to be installed in the following conditions 

Front: public accessibility 

Rear: restricted to operators 

Lateral: not accessible 

is designated as follows: 

Classification lAC BF-AR 

Internal arc: 16kA1s 
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Dimenaionsin 
Figure A.1 - Mounting frame for vertical indicators 




Figure A.2 - Horizontal indicator 
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Accessibility - Type A 



li>2m 



*<2m 



AccMSibHy - Type B 
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m 






Figure A.3 - Position of indicators (i) 
Height of equipment (A) 
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Annex B 

(normative) 



Partial discharge measurement 



B.I General 



The measurement of partial discharges is a suitable means of detecting certain defects in the 
equipment under test and is a useful complement to the dielectric tests Experience shows 
that partial discharges may lead in particular arrangements to a progressive degradation in 
the dielectric strength of the insulation, especially of solid insulation, and fluid-filled 
compartments 

On the other hand, it is not yet possible to establish a reliable relationship between the results 
of partial discharge measurements and the life expectancy of the equipment owing to the 
complexity of the insulation systems used in insulation-enclosed switchgaar and controlgeai 

B.2 Application 

The measurement of partial discharges is in general appropriate for insulation-enclosed 
switchgear and controlgear 

Because of the design variations a general specification for the test ot>ject cannot t>e (pven In 
general, the test object should consist of assemblies or subassemblies vmth dielectnc stresses 
which are identical to those which would occur in the complete assembly of the equipment 

NOTE 1 Test objacts consisting of ■ comptot* assambty *r« to b* pfaforrsd In th* eaia of tntogratod iwAchaoar 
and controlgasr dasign. aspaeialiy whera various liva parts ar)d connactions ara ambaddad m tohd msutabon. tastt 
ara nacassarily carried out on a complato assaint>ty 

NOTE 2 In tha casa of designs consisting of a comtMnation of conventional components (for matanea. mstruniani 
transformers. iHjshings), which can be tested separately in accordance with ttwir relevant standards. t««e purpose 
of this partial discharge test is to check tfia arrangement of the components in the assembly 

NOTE 3 This test may Im carried out on assemblies or subasseml>lies Care should be taken that external perAai 
discharges do not affect the measurement. 

B.3 Test circuits and measuring instruments 

The partial discharge tests shall be in accordance with lEC 60270 

NOTE The partial discharge quantity is apparent charge that is expressed usually in pKocouiombs (pC) 

Three-phase equipment is either tested m a single-phase test circuit or in a three-phase test 
circuit (refer to Table B.1). 

a) Single-phase test circuit 
Procedure A: 

To be used as a general method for equipment designed for use in systems with or 
without solidly earthed neutral 

For measuring the partial discharge quantities, each phase shall bt connected to the test 
voltage source successively, the other two phases and all the parts earthed m service 
being earthed. 

Procedure B: 

To be used only for equipment exclusively designed for use in systems with solidly 

earthed neutral. 
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For measuring the partial discharge quantifies, two test arrangements shall be used 
At first, measurements shall be made at a test voltage of 1.1 V, {l\ is the rated voltage). 
Each phase shall be connected to the test voltage source successively, the other two 
phases being earthed It is allowed to isolate or to remove all the metallic parts normally 
earthed in service Also any conductive layer that is normally earthed in service, may be 
isolated from earth for this test 

An additional measurement shall be made at a reduced test voltage of 1,1 U^ /v3 during 
which the parts being earthed in service are earthed and the three phases connected to 
the test voltage source are bridged 

b) Three-phase test circuit 

When suitable test facilities are available, the partial discharge tests may be carried out in 
a three-phase arrangement. 

In this case, it is recommended to use three coupling capacitors connected as shown in 
Figure B 1 One discharge detector can be used which is connected successively to the 
three measuring impedances 

For calibration of the detector on one measuring position of the three-phase arrangement, 
short-duration current pulses of known charge are injected between each of the phases 
taken in turn on the one hand, and the earth and the other two phases, on the other hand 
The calibration giving the lowest deflection is used for the determination of the discharge 
quantity 

In the case of equipment designed for use in systems without solidly earthed neutral, an 
additional test shall be made (as type test only) For this test, each phase of the test 
object and the corresponding phase of the voltage source shall be earthed successively, 
refer to Figure B 2. 

B.4 Test procedure 

The power-frequency voltage applied is raised to a pre-stress value of at least 1.3 r, or 
1,3 V, /v3 in accordance with the test circuit (refer to Table 8 1) and maintained at this 
value for at least 10 s ^ Partial discharges occurring during this period shall be disregarded 

The voltage is then decreased without interruption to 1,1 r, or 1,1 (/^ Z.^/? in accordance with 

the test circuit and the partial discharge quantity is measured at this test voltage (refer to 
Table B 1) 

As far as possible with respect to the actual background noise level, the partial discharge 
inception and the partial discharge extinction voltages should be recorded for additional 
information 

In general, tests on assemblies or subassemt>lies should be made with the switching devices 
in the closed position In the case of disconnectors where deterioration of the insulation 
l>etyfeen the open contacts by partial discharges is conceivable, additional partial discharge 
measurements should be made with the disconnector in the open position 

On fiuid-filled equipment the tests shall be carried out at the minimum functional level or the 
rated filling level, whichever is most onerous For routine tests the rated filling level shall be- 
applied 



2 Altarnattvcly. the partial discharge test may b* p«rformad whil* decreasing the voltage after the power- 
frequency voltage tests 
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Table B.I - Test circuits and procedures 
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Annex C 

(normative) 

Humidity test 



C.i General 

The object of the humidity test is to prove that the Insulation-enclosed switchgear and 
controlgear is safe when touched on the accessible surface of the insulation enclosure, not 
only in a dry state but also with condensation and light pollution. 

Under normal service conditions the ambient air is not materially polluted. This statement 
does not exclude, however, the possibility of a certain degree of pollution occurring in the 
course of time, depending on the frequency and quality of cleaning and reconditioning of the 
insulation surfaces 

This humidity test does not cover the security requirements relating to other influencing 
factors, although the philosophy of this test may serve as a base for an ageing test In 
connection with reliability In general 

The insulation-enclosed switchgear and controlgear is exposed to a certain number of 
identical humidity and temperature cycles in a test chamber, in which the humidity is 
generated by fog formed from conductive water During this test an a c power-frequency 
voltage is continuously applied to the test object 

C.2 Test procedure and test conditions 

C.2.1 Test cycle and its duration 

The test cycle should be chosen so that alt the surfaces of the test object are wet during 
about halt of its duration and dry during the other half To obtain this result the test cycle 
consists of a period with a low air temperature (T„i„) and a period vinth a high air temperature 
(7"m»ii) '"S'de 'f*« 'est chamber Both periods shall be equal in time and the generation of fog 
shall be maintained for the first half of the test cycle The temperature variation between the 
two periods shall be (10 ± 2) K The value of the low air temperature (7"„j„) shall be 
approximately equal to the ambient air temperature outside the test chamber (see Figure C 1). 

The be^nning of fog generation (r^) coincides in principle with the beginning of the low air 
temperature period However, to wet the vertical surfaces of materials with a high thermal 
time constant, it may be necessary to start the fog generation later within the low air 
temperature period 

The duration of the test cycle depends on the thermal characteristics of the insulation- 
enclosed switchgear and controlgear and shall be sufficiently long both at high and low 
temperatures to cause wetting or drying of all the insulation surfaces 

Preliminary cycles shall be carried out with the test object placed in the test chamber in order 
to observe and to check these contfitions 
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The temperature and the relative humidity of the air m the test chamber .hall b« measured m 
the immediate vicinity of the insulation enclosure and shall be recorded for the whole duration 
of the test. 

NOTE In order to achieve the required conditions, • durition of the test cycle of 8 h n generety ..tsleetory 

C.2.2 Generation of fog 

The fog is obtained by the continuous or periodical atomizing of 2 dm' to 5 dm' 
conductive water per hour and per cubic metre of test chamber volume The resistivity of the 
water shall be 30 fim with a tolerance of ±10 % (equivalent to a conductivity of 033 S/m) al 
the lower value of the test-cycle temperature 

The diameter of the droplets shall be less than lOtim Such a fog may be achieved by 
mechanical atomizers situated at the bottom of the test chamber and directed upwards in 
such a manner that the insulation surfaces of the test object will not be sprayed direct No 
water shall drop from the ceiling upon the test object 

Dunng the fog generation the test chamber shall be closed and no additional forced air- 
circulation is permitted 

NOTE 1 For the adjustment of the conductivity of the water, sodium chloride (NaCI) is added to distilled water If a 
suitable supply of tap water is available, il may also be used 

NOTE 2 The relation between conductivity of the water and its temperature is given in lEC 80060-1 

C.2.3 High air temperature period 

The high air temperature is achieved with the aid of a heater in combination with forced air- 
circulation inside the test chamber This forced circulation shall not be directed at the test 
object 

C.2.4 Test chamber 

A proposal for an appropriate test chamber with thin walls is made in Figure C 2 

The volume of the test chamber shall be at least five times the circumscrit>ed volume of the 
test object The test chamber shall not be higher than 2,5 m and the base dimensions shall 
ensure that the test object placed on the bottom will have a minimum distance from the wall of 
0,15 m and from the atomizer of 0,5 m 

NOTE 1 No special requirements are stated tor the wall materials of the test chamber However material* having 
a high heat conductivity and a low thermal inertia are recommended because m this case the transition periodt 
between wetting and drying and between drying and wetting will not significantly influence the time dunng which 
the insulation surfaces of the test object are wet 

NOTE 2 If the walls do not meet these conditions, special measures should be Uken to ensure that the period 
during which the insulation surfaces are wet is approximately equal to halt the duration of one lest cycle 

C.2.S Test object 

The insulation-enclosed switchgear and controlgear to be tested shall be m a new condition 
with Its outside insulation surfaces clean It shall be mounted in the test chamber m its usual 
upright position, complete with all insulating parts and the continuity of the main circuit 
ensured Precautions shall be taken to ensure that no deposit of water accumulates inside the 
insulation enclosure during the test 
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C.2.6 T«st voltage and voltage supply 

During the humidity test the following power-frequency voltages shall be continuously applied 
to the mam circuit of the Insulation-enclosed switchgear and controlgear: 

- rated voI\age U, between phases: 

- t,/>^ between phase and earth, 

C.2.7 Total test duration < 

The total duration during which the surfaces are wet shall be 120 h. Normally, the period of 
fog generation equals the period of wet surfaces which shall be approximately equal to half 
the duration of one test cycle; thus the total duration of the humidity test will be a minimum of 
240 h 

If during the preliminary cycles a considerable difference is observed between the period of 
fog generation and the corresponding period during which the surfaces are wet, the test shall 
be based on the total duration during which the Insulation surfaces are wet. 

C.3 Test criteria and evaluation 

C.3.1 Criterion during the test 

During the total duration of the humidity test, no flash-over shall occur either between phases 
or between phase and earth 

C.3.2 Criterion after the test 

The humidity test shall be followed, without any cleaning, by a supplementary test cycle 
During the wet surface period, the lealtage current shall be measured in accordance with 
6 104 The leakage current to earth through the metal foil at any accessible place and at any 
time of this period shall not exceed 0,5 mA Further supplementary test cycles may be carried 
out in order to verify the value of the lealcage current with the metal foil attached to different 
places of the accessible surfaces 

C.3.3 Evaluation of the test 

If the crrteria in C 3 1 and C 3 2 are met. the insulation-enclosed switchgear and controlgear 
shall be considered to have passed the humidity test 
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Annex D 

(informative) 

Protection grades 



D.I Protection grade PA 

Protection grade PA has the following three different basic arrangements; 




Conductive layer, 

not evefywtiere 

<10Onin 



figure Ola 



figure D Vb 



figure D 1 c. 



Figure 1a) The solid insulation itself fulfils the requirements from items a), b), c) and d) of 
5 102.3 

To t>e tested with 100 cm^ metal foil at most unfavourable places: power- 
frequency voltage test and lightning impulse voltage test (6 104 la)) 

Figure lb) The insulation fulfils the requirements from items a) and d) of 5 102.3 

To t>e tested with 100 cnni^ metal foil at most unfavourable places: power- 
frequency voltage test and lightning Impulse voltage test (6 104 1a)) 

The solid Insulation fulfils the requirements of 5 102 3b) 
Sample to be tested at power-frequency voltage test (6 104 lb)) 

The fluid insulation fulfils the requirements of 5 102 3c) 
To l>e tested with 150% Vf for 1 min to the inside of the solid insulation 
(6 104 1C)) 

Figure 1c) Same as for Figure 1 a) 



Figure 0.1 - PossiMe designs for protection grade PA 
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D.2 Protection grade PB 



Protection grade PB, for those areas that are liable to be touched, has the foilowmg three 
different basic arrangements. 




fig D.2. a (PB1) 



figD2 b(PB1) 



fig D 2 c (PB2) 



Apart from the demands for protection grade PA, the following extra demands apply tor the 
protection grade PB: 

PB1: 

Figure D.2 a) The second layer of insulating material fulfils the requirements of 5 102 3d) 

To be separately tested with 100 cm^ metal foil at 150% f, for 1 mm 
{6.104.1d)). 

Figure D.2 b) The insulation fulfils the requirements from 5 102 3f) 

To be tested with ambient air instead of insulating fluid, with 100 cm^ metal foil 
at the Inside at 150 % U, for 1 mm (6 104 Id)) 



PB2: 

Figure D.2 c) The conductive layer fulfils the requirements in 5 102 3g) 
Resistance to be tested according to 6 4 101 



Figure D.2 - Possible designs for protection grade PB 
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International Standard 

lEC 60470 ; 2000 High-voltage 
alternating current contactors and 
contactor-based motor-starters 
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(IP Code) 
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switchgear and controlgear standards 
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circuit-breakers (formerly lEC 60056) 

lEC 62271-102 : 2001 High-voltage 
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Corresponding Indian Standard 

IS/IEC 60470 : 2000 High-voltage 
alternating current contactors and 
contactor-based motor-starters 

IS 12063 : 1987 Classification of 
degrees of protection provided by 
enclosures of electrical equipment 
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High-voltage alternating-current circuit- 
breakers 

IS/IEC 62271 -102: 2001 High-voltage 
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Degree of Equivalence 



Identical 



Technically Equivalent 



Identical 



Technically Equivalent 



Identical 



do 



do 



ISO/IEC Guide 51 : 1999 Safety IS/ISO/IEC Guide 51 : 2005 Safety 
aspects — Guidelines for their aspects — Guidelines for theinnclusion 
inclusion in standards in standards 



do 



The technical committee has reviewed the provisions of the following International Standards referred m this 
adopted standard and has decided that they are acceptable for use m conjunction with this standard: 



International Standard 
lEC 60460 : 2004 

lEC 60932: 1988 



Title 

Guidelines for the checking and treatment of sulfur hexafluonde (SF6i taken 
from electncal equipment and specification for its re-use 

Additional requirements for enclosed switchgear and controlgear from 1 kV to 
72.5 kV to be used m severe climatic conditions 



Only English language text has been retained while adopting it in this Indian Standard, and as such the page 
numbers given here are not the same as in the lEC Standard 

For the purpose of deciding whether a particular requirement of this standard is complied with, the fmai 
value. obsen.^ed or calculated expressing the result of a test, shall be rounded oft m accordance with 
IS 2 : 1960 'Rules for rounding off numerical values {revised)'. The number of significant places retained m 
the rounded off value should be the same as that of the specified value m this standard. 



Bureau of Indian Standards 

BIS is a statutory institution established under the Bureau of Indian Standards Act, 1986 to promote 
harmonious development of the activities of standardization, marking and quality certification of 
goods and attending to connected matters in the country. 

Copyright 

BIS has the copyright of all its publications. No part of the these publications may be reproduced in 
any form without the prior permission in writing of BIS. This does not preclude the free use, in the 
course of implementing the standard, of necessary details, such as symbols and sizes, type or grade 
designations. Enquiries relating to copynght be addressed to the Director (Publications), BIS. 

Review of Indian Standards 

Amendments are issued to standards as the need arises on the basis of comments. Standards are 
also reviewed periodically; a standard alongwith amendments is reaffirmed when such review indicates 
that no changes are needed; if the review indicates that changes are needed, it is taken up for revision. 
Users of Indian Standards should ascertain that they are in possession of the latest amendments or 
edition by referring to the latest issue of 'BIS Catalogue' and 'Standards: Monthly Additions'. 

This Indian Standard has been developed from Doc: No. ETD 08 (5784). 

Amendments Issued Since Publication 

Amend No. Date of Issue Text Affected 



BUREAU OF INDIAN STANDARDS 

Headquarters : 

Manak Bhavan, 9 Bahadur Shah Zafar Marg, New Delhi 1 10002 

Telephones: 2323 0131 , 2323 3375, 2323 9402 Website: www.bis.org.in 

Regional Offices : Telephones 

Central Manak Bhavan, 9 Bahadur Shah Zafar Marg j 2323 7617 

NEW DELHI 1 10002 : 2323 3841 

Eastern 1/14 C.I.T Scheme VII M, V.I. P. Road, Kankurgachi : 2337 8499, 2337 8561 

KOLKATA 700054 i 2337 8626, 2337 91 20 

Northern : SCO 335-336, Sector 34-A. CHANDIGARH 160022 : 260 3843 

1 260 9285 

Southern C.I.T Campus. IV Cross Road, CHENNAI 6001 13 : 2254 1216, 2254 1442 

i 2254 2519,2254 2315 

Western Manakalaya, E9 MIDC, Marol, Andheri (East) | 2832 9295, 2832 7858 

MUMBAI 400093 | 2832 7891 , 2832 7892 

Brandies : AHMEDABAD. BANGALORE. BHOPAL. BHUBANESHWAR. COIMBATORE. FARIDABAD. 
GHAZIABAD. GUWAHATI. HYDERABAD. JAIPUR. KANPUR. LUCKNOW. NAGPUR. 
PARWANOO. PATNA. PUNE. RAJKOTTHIRUVANANTHAPURAM. VISAKHAPATNAM. 



PRINTED BY THE GENERAL MANAGER. GOVT. OF INDIA PRESS. NASHIK-422 006 



